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PREFACE 


This book is the outcome of a request made to Sir Edwin J. Butler, to consider 
a revision of his book Fungi and Disease in Plants, written when he was Imperial 
Mycologist at the Pusa Agricultural Research Institute, India, and published 
in 1918. It had previously been suggested to Sir Edwin by many interested 
friends that he should revise the book, substituting for the tropical diseases with 
which the second part of the book is concerned the plant diseases which are of 
importance in Great Britain, including those common also in other countries. 
After due deliberation Sir Edwin acceded to the writer^s request and collaboration 
followed. 

It is a matter of profound regret that Sir Edwin Butler did not live to see the 
publication of this volume. Despite ill-health he was able, by dint of his wonder- 
ful courage and pertinacity, to complete his accepted task with the exception of 
the bibliographies and illustrations. He died in April of 1943, and the book 
was completed a few months later. It was inevitable that the diflSculties of the 
war and post-war years should have delayed publication, but every effort has been 
made to bring the text up to date. 

In view of the great amount of research on plant pathology that had accumulated 
during the quarter-century since the publication of the old book, it was decided 
that the volume should be a new one. Much thought was given to thfe plan of 
the book. This remains much the same ; namely. Part I dealing with ‘ General 
Principles and Part II with ‘ Selected Diseases The former was written 
mainly by Sir Edwin Butler and the latter by the present writer, but there are 
various contributions by each of us in both parts. For the second part, two j 
methods were considered : firstly, that of giving very brief descriptions of a large 
number of diseases under the causal parasites, thus following roughly a classification 
of the fungi, etc. ; and secondly, describing in some detail only the more important 
diseases under the common host attacked, a plan of which Sir Edwin was strongly 
in favour and one which the writer has found, after long experience in teachin^^ 


mycology to University students, to give a better grasp of the principles of thelj 
subject. This method, which was finally adopted, rightly gives prominence to * 
the host, and is perhaps preferable when dealing with the disorders of agricultural 
and horticultural crops. Owing to the increasing attention now being given to 
virus and non-parasitic diseases and the uncertainty prevailing with regard to 
specific symptom-pictures, the properties of the viruses implicated and virus 
nomenclature, it was thought advisable to deal with these diseases first in a general 
way, for which reasons they appear in the first part, and to write specifically 
only on a few of the better-established, though still difficult types in the second 
part of the book. Though a few deficiency and physiological diseases arc 
described in the second part of the book, a general treatment of these disorders 
is also included in the first part, for the reason that in no instance has a clear 
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picture of the symptoms been given of the disturbances brought about by these 
diseases. 

The book has been framed to meet the requirements of students of mycology, 
plant pathology, agriculture, horticulture, and forestry, and the opening chapters 
deal in a sufficiently elementary manner to make the subject easy of approach 
for those who are making a beginning of the study of disease in plants. 

As the work of finding illustrations for the book devolved upon the writer, 
he desires to take this opportunity of placing on record the ready response and 
kindness of mycologists at home and abroad to his appeals for photographs and 
diagrams ; many of these have not hitherto been published. In particular he 
is under deep obligation to Dr. C. E. Foister and Dr. Mary Noble of the Depart- 
ment of Agriculture for Scotland, who gave unstinted help with the illustrations, 
as well as to Mr. D. Walters Davies, Cardiff, Prof. Robert McKay, Dublin, 
Prof. K. O. Muller, Dr. Dillon Weston, Cambridge, Dr. W. M. Ware, Wye, 
Dr. Wormald, East Mailing, Dr. Bewley, Cheshunt, Miss Blackwell, Royal 
Holloway College, and Mr. L. Ogilvie, Long Ashton, for numerous illustrations 
or the loan of literature. 

Sincere thanks are also expressed to all mentioned below, who sent photographs 
or diagrams, or gave permission to use material from their published works : 
Dr. Ainsworth, Mrs. Alcock, Dr. Ruth Allen, Mr. Beaumont, Dr. Bawden, 
Dr. Bennett, Prof. Barker, Dr. G. Bond, Dr. Boyd, Dr. M. R. Brown (Gilsen), 
Mr. Buddin, Dr. Cadman, Dr. A. H. Campbell, Mr. K. St. G. Cartwright, Prof. 
Chesters, Dr. L. C. Cochran, Dr. Ivimey Cook, Dr. Cornford, Prof. Craigie, Dr. 
G. H. Cunningham, Mr. W. R. Day, Dr. Dennis, Dr. Dovaston, Dr. F. L. Drayton, 
Dr. Bayliss-Elliott, Dr. A. R. Gemmell, Dr. Garrett, Dr. Mary Glynne, Mr. H. P. 
Gould, Mr. D. E. Green, Dr, Gregory, Prof. Dame Helen Gwynne Vaughan, 
Dr. Harris, Dr. Hickman, Dr. G. G. Hedgcock, Prof. Howitt, Dr, Hutchinson, 
Prof. Ingold, Mr. A. Powell Jones, Dr. L. W. Koch, Dr. L. O. Kunkel, Mr. A. J. 
Louw, Dr. J. H. J. van de Laar, Dr. du Plessis, Mr. Marsh, Dr. Millard, 
Mr. Moore, Mr. D. G. Milbrath, Dr, Nattrass, Mr. T. R. Peace, Dr. Pontecorvo, 
Dr, 1. W. Prentice, Mr. Reid, Prof. M. C. Richards, Prof. Riker, Prof. Robertson, 
Prof, Salmon, Mr. Samuel, Dr. Selman, Prof. Stakman, Dr. Perley Spaulding, 
Mr, Searle, Mr, H. J. Edgar, Miss K. Sampson, Dr. F. M. L. Sheffield, 
Prof. N. J. G. Smith, Dr. Eric Taylor, Miss Tetley, Prof. H. E. Thomas, Rev. 
Dr. E. E. Thomas, Mr. P. H. Thomas, Dr. Thung, Prof. Wadham, Prof. Wardlaw, 
Miss Turner, Miss Wakefield, Prof. Waterhouse, Dr. Western, Dr. Woodward, 
Mr. Wilkins, Mr. Wilkinson, Dr. S. Williams, Dr. Wiltshire, Dr. A. R. Wilson, 
Prof. F. A. Wolf, and Dr, Scott Wylie. 

For help in various ways acknowledgements are made to Prof. T. J. Jenkin, 
Sir George Stapledon, Mr. Parry Williams, Dr. R: O. Whyte, Mr. Pryse Howell, 
Miss Rees, and Miss Roseveare, at the Welsh Plant Breeding Station, Aberystwyth ; 
Sir William Llewelyn Davies and the staff at the National Library of Wales, 
Aberystwyth i Mr, Wilson Steel, Glasgow University ; Prof. Walton, Prof. Braid, 
Dr. Cromwell; Miss M. Myers; Dr, Blodwen Lloyd; Mr. I. Ferguson and 
Mr. W. W* Fletcher, Glasgow University ; Mrs. L. Edwards, Glasgow ; Miss C. 
Mullins^ i^macoliu ; snd Mr. E, W. Mason, Imperial Mycoiogical Institute, Kew. 
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For permission to reproduce the various illustrations, acknowledged in the 
captions, thanks are due to the Controller of His Majesty’s Stationery Office, 
the Ministry of Agriculture, the Department of Agriculture for Scotland, the 
United States Department of Agriculture, the Directors of the Research Stations 
at Harpenden, Princes Risborough, Long Ashton, Cheshunt, and East Mailing, 
and to the Editors of the Annals of Applied Biology^ Annals of Botany^ New 
Phytologist, Transactions of the British Mycological Society^ Forestry ^ Phytopathology ^ 
Journal of the Royal Horticultural Society^ Journal of Pomology^ Journal of 
Agricultural Science, Transactions of the Royal Society, Transactions of the Royal 
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Chapter I 

THE NATURE OF DISEASE ORGANISMS 


Chlorophyll-free Plants 

Plant diseases are due mainly to the action of fungi, but some are caused by 
bacteria, a few by plasmodia, while others in which no particulate living organisms 
have, so far, been discovered, are believed to be due to virus infection. In plant 
viruses that have been studied in any detail the invisible agent multiplies with 
great readiness only in the living host from which the virus has been isolated in 
the form of a nucleoprotein. Other diseases, again, but of a non-parasitic nature, 
are attributed to physiological or to deficiency troubles, and probably all are in- 
fluenced by the factors of the environment. 

Including for the moment the bacteria (fission fungi or Schizomycetes) with 
the fungi proper, one finds an enormous assemblage of species, at least as many 
as in the flowering plants, having few characters in common. They may be 
unicellular or composed of many cells, thread-like or forming sheets or masses, 
shapeless or beautiful in design* of limited or practically unlimited growth, of 
many colours. In the lowest group a cell wall — that standard criterion of the plant 
cell — may be present only in the sporing stage. Motility is not absent, either as 
the slow movement of plasmodia or the swimming of zoospores or the flagellar 
movements of many bacteria. In structure some approach closely to the green 
algae and, as the name Phycomycetes or algal-fungi reveals, it was long a popular 
suggestion and is still sometimes upheld that they were derived from algae ; the 
best modern view, however, is that they arose from colourless unicellular protozoa, 
and it is even maintained that, since the green algae probably arose from similar 
protozoa that had acquired chlorophyll, and since the rest of the green plants 
have developed along that path, it is logical to regard the fungi as a distinct phylum, 
neither animals nor plants but co-equal in their origin with the green organisms 
forming the plant kingdom. Normally, however, they are treated as plants, 
included in botanical works and courses, and they may be accepted as such. 

ixThe chief characteristic of the fungi is the absence of chlorophyll, even in 
those members which happen to be coloured green. This carries with it a 
profound diflFerence in mode of life from other plants, for they take their food 
in the form of organic matter, whereas the chlorophyllous plants obtain their 
carbonaceous food from the carbon dioxide of the air, through the energy of sun- 
light (‘ photosynthesis ’). The flowering plants, ferns, mosses, and algae build 
up their food out of dissolved inorganic salts from the soil or water, together 
with the constituents of the air. The fungi are unable to do this ; they are 
incapable of photosynthesis and so cannot make carbohydrates from carbon 
dioxide and water ; they must have organic matter or food already prepared 
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Fig. I. — Bacteria. A, various types of cocci. B, rod, filamentous, and spiral types 
(after Baumgarten, from Lafar’s J^ech. Mykol.) ( x 900) 

by having been built up into the bodies of plants and animals, or having once 
formed part of these, like jam or leather. Incidentally, they are scavengers, 
without whose cleansing aid in decomposing organic matter, the earth would 
soon become unfit to sustain the higher forms of life. 

Bacteria 

The bacteria really have very little in common with the fungi proper, except, in 
general, their mode of feeding. They are extremely minute, usually consisting of a single 
cell or a collection of more or less independent units {Fig. i). Sometimes these units arc 
arranged in branching threads which are hard to distinguish from those of the filamentous 
fungi. The fungal thread, however, is normally a part of the one individual, whereas 
a bacterial thread consists of a chain of individuals more or less loosely joined together. 
The branching is also different, the fungi having true branches, while in a bacterial 
column the spurious appearance of branching is due to imperfect separation of broken 
parts of the chain, which continues to give off new individuals above and below the 
break. The most important distinctions between the two groups are in the methods 
of growth and reproduction. Fungi normally grow only at the ends of the threads 
which compose their bodies, and multiply by forming spores at the ends of, or within 
special threads. Bacteria, on the other hand, have not got this purely end growth, and 
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Fig. 2. — Plasmodia. A-D^ Chondrioderma difforme. Ay ripe spore. B, germinating spore. C, 
swarm cell. B, young plasmodium which has taken up two spores in its substance ( x 230). 
E, Dtdymium leucopusy portion of a small reticulated plasmodium ( x 33) (all after Cienkowski, 
from Sachs’ Lehrhuch). F-I, Plasmodtophora brasstcae. Fy frothy plasmodia in the host cells. 
G, top cell with a frothy plasmodium, the lower cell showing the plasmodium segmenting to 
form spores. //, host cell full of the minute spores ( x 213). /, spore germination and forma- 
tion of swarm spores ( x 470) (after Woronin) 

usually multiply by each cell simply dividing into two cells, which frequently separate 
from each other and become independent. There are other less important differences 
as in the nuclei, cell wall, and so on. Being smaller and lighter than most spores of 
filamentous fungi the bacteria are even more efficient than the former in reaching and 
decomposing organic waste ; as is well known, they were the chief subject of Pasteur’s 
convincing demonstration against the old-fangled notions of spontaneous generation. 


Plasmodiophorales 

The Plasmodiophorales are an aberrant group having apparent affinities with the 
chiorophyll^fxee mycetozoa or myxogastres, organisms close to the dividing line between 
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animals and plants. They are now usually placed near or in the primitive Chytridiaceae 
(Archimycetes), They have a power of spontaneous creeping movement not limited to 
the zoospores. Instead of a germ-tube (see next paragraph) the spore gives rise as a rule 
to motile swarm cells which fuse to form a small mass of naked protoplasm endowed with 
movement resembling that of an amoeba. This forms a multinucleate ‘ plasmodium ’ or 
plaSmatic body still without a wall and usually constituted by the amalgamation of several 
individuals (Fig. 2). In at least some of the genera the swarm cells (zoospores) function 
as gametes (see p. 563) and the plasmodium arising from the zygote forms sporangia, so 
that there are well-marked sexual and asexual phases in the life-cycle. Two important 
crop parasites belonging to this small family occur in the British Isles, namely Plasmo- 
diophora brassicae and Spongospora suhterraneUy causing ‘ club root ’ of cruciferous crops, 
and ' powdery scab * of potatoes, respectively (see Part II, pp. 559 and 493). 

Thf Fungi Proper 

All known fungi, with few exceptions, originate from spores, bodies comparable with, 
though not strictly similar to, seeds, for they have no pre-formed embryo or germ. These 
spores germinate, requiring for the purpose much the same conditions as ordinary seeds. 
The result of germination is usually the protrusion of one or more fine filaments known as 
germ-tubes (Fig. 3) These grow and give off branches, the resulting branched thallus 
constituting the ‘ mycelium ' or vegetative part of the fungus, as distinct from the repro- 
ductive part. Each individual filament of the mycelium is termed a ‘ hypha \ In a 
limited number of primitive fungi the vegetative part consists of a single cell, usually 
round or oval, and this may become transformed into a reproductive cell with little change 
in shape, the life-history being a very simple one (Fig. 4). 

The Vegetative Structure of Fungi 

The Mycelium 

At an early period in its growth the germ- 
tube and the hypha which arises from it usually 
become segmented into a row of cells by the 
formation of transverse walls (septa), each, when 
young, being perforated by a central pore suffi- 
ciently wide to allow protoplasmic granules and 
even nuclei to pass from cell to cell. Each cell 
is a hollow structure, bounded by walls of a 
transparent pliable material, which is sometimes 
cellulose as in the higher plants, but more often 
is a complex nitrogenous substance which re- 
sembles chitin, the material which forms the 
covering of insects. Within the walls, the cell 
is filled with a watery jelly, protoplasm, a material 
mainly protein in constitution, found in all living 
bodies and, in fact, the actual living matter itself, 
^ uniformly Here and 
EUtoK, y. Earn. Biol.) there little spaces occur (in older cells often united 





Fig 4 — Endocoenohium eudonneae^ a simple type of fungus (Chytridiaceae) parasitic on colonies of 
the green alga Eudonna elegans A, the dark-shaded thallus of the fungus, in the colony ( >^315) 
B, thallus with a mature /oosporangium (the small circles indicate oil drops and the position 
of the zoospores) ( x 385) C, zoospores X), fusion between two thalh to form a common 
thallus ( X430) E, a zygospore developed as a bud from the fusion cell ( x 430) (after Ingold^ 
New Phytologist) 



FtG. 5, — Mycelium of Rhytisma acertnum, causing ^ tar spot ’ disease, m the leaf of sycamore. The 
fungus occupies the host cells (intracellular mycelium) ; inset, unmucleate hyphal cells lying 
in the host cytoplasm along with the host nucleus and chloropiasts ; note the vacuolated 
C3rtoplasm in fhe hyphal cells 
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Fig 6 — The young, coenocytic myctlium of Phytophthora tnfestans (causing potato blight) in the 
leaf of potato , haustoria are seen in some of the cells of the spongy mesophyll (from slides 
by Gonzalez and Lament) 

into a Single space occupying much of the cell) and are known as * vacuoles ’ ; they 
are usually filled with water containing dissolved salts, sugar, and so forth, of the 
cell sap. Here and there also condensations of a peculiar kind of protoplasm form, 
which are termed nuclei (Fig 5) One or more of these nuclei may occur m each 



Fig. 7 — *A colony of Phom&psts aucubae on malt agar showing adpressed feeding 
mycdlium surrounded by docculent subaenal mycelium ( x i) 
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Fig. 8. — ‘ Fairy ring ’ Ring of fructifications caused by the perennial 
mycelium of Marasmtus oreades (much reduced) 


cell ; two are habitually found in certain phases of the life-cycle of Ascomycetes 
and Basidiomycetes, playing a part in the complicated sexual reproduction of these 
fungi which will be further discussed below. In the lower fungi it is common, or 
even in some families habitual, to have no transverse walls in the active hyphae, 
which are ‘ coenocytic that is to say, composed of a single large cell with many 
nuclei (Fig. 6). The nuclei are the bearers of the hereditary characters of the cell 
and also play an important part in regulating its metabolism. 

Cells and spores are usually of microscopic size and contain not only proto- 



Fio. 9* — At spores of Helminthosporium showing fusion of germ tubes, with B, showing 
anastomosis of hyphae (from microphotos by Dovaston) 
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plasm with its nuclei but many other 
substances, such as reserves of sugars, 
fats, glycogen (a polysaccharide which 
replaces the starch of higher plants), 
crystals, resin, pigments, and so on. They 
are of many shapes, but on the whole the 
spores preserve considerable uniformity 



Fig. 10. — Clamp connections and anastomoses. 
Af clamp connection in Hirneola auricula- 
judae ( X 440) (after Green, Ann, Bot.). 
J 5 , young hyphae of Ascophanus aurora 
showing lateral fusions ; note the min- 
ute nuclei ( x 1066) (after Gwynne-Vaughan 
& Williamson, Ann, Bot,), C, hyphae of 
Rhizoctonia crocorutn showing anastomoses 
(after Duggar). two conidia of Lachnea 
cretea with germ-tubes between which 
anastomosis has taken place ( x 280) (after 
Gwynne-Vaughan & Williamson, Ann, 
Bot,) 


within the species. The prodigality of 
nature in its reproductive schemes is 
illustrated by the fact that a single 
giant puffball {Calvatia gigantea) has been 
estimated to bear some 100 million- 
million spores. It is little wonder that 
every substance suitable for colonisation 
by fungi is reached by air currents charged 
with spores, unless special precautions are 
taken to exclude them. 

The body (‘ thallus ’) of the simpler 
fungi usually consists of branching hyphae 
only (Fig. 7). It may be short or long 
lived. The ‘ fairy ring ’ fungi, of which 
Marasmtus oreades is the commonest in 
England, are the best examples of perennial 
mycelium, as they may survive for as 
many as four hundred years, producing a 
crop of toadstools each year (Fig. 8). In 
many cases unions termed ‘ anastomoses * 
occur between neighbouring hyphae which 
may be from the same or different spores 
of the fungus cc These form 

bridges across which nutrient material 


and even sometimes nuclei pass from one 
hypha to another (Figs. 9, 10). Most fungi, however, have that part of the body 
which is involved in spore-bearing (the ^ sporophore ’) of more complex structure, 
formed of hyphae of special shape, or of bundles of hyphae, or of an interwoven 
tissue derived from hyphae by their repeated division into short cells. This 
tissue is termed * plectenchyma ’ or, since it resembles to some extent the par- 
enchymatous tissues of higher plants, ‘ pseudoparenchyma ^ (Fig. i6)* 


Chlan^dospores and Gemmae 

Hyphae of the ordinary vegetative mycelium may also become modified. 
Some of their cells may become provided with thickened walls, able to withstand 
adverse conditions, and may even assume a characteristic shape and colour. 
They are known as chlamydospores and, like true spores, are usually microscopic 
(Fig. 11). As they become separated from the mycelium when mature, and can 
germinate like spores, they play a part in the dissemination of the species which, 



Fig. li . — Resting spores. Ay chlamydospores of Azygozygum cklamydosporum (after Chesters, 
Trans. Brit. Myc. Soc.). By chlamydospores of Helminthosporium avenue ( x 250) (after Dennis, 
West. Scot. Coll. Agric.y Bull ). C, mycelial chlamydospores and sclerotial cluster of Fusarium 
culmoruniy from wheat gram. D, conidial chlamydospores of same (both after Bennett, Ann, 
App. Biol.). Ey cysts of Asterocysiis radicisy from flax (after Marchal). JP, cysts and zoosporangia 
of Olpidium radmcoluniy from swede (after Bartlett). G, Hy cysts of same from Agrostis (after 
Sampson, Trans. Brit. Myc. Soc.). /, oospore, within oogonium, of Peronospora parasitica 
(after Green, Roy. Hort. Soc,). j, oospore, within oogonium, of Peronospora destructor (after 
McKay, y. Roy. Hort. Soc.) 



12 . — Gemmate mycelium of Mucor 
prainii (after Butler) 


Fig. 13. — Two sclerotia of Sclerottum stipita- 
turn, from white ants’ nest ( x 3) (after Butler) 


on account of their durable nature, may be very important. Scarcely to be separ- 
ated from the chlamydospores, except in being less durable, are the cells termed 
' gemmae * (Fig. 12). They are usually thin- walled and continue to bud out 
cells similar to themselves instead of giving new hyphae. Under certain conditions 
the mycelium may be almost wholly transformed into these masses of rounded 
cells. Indeed, the familiar group of the yeast fungi (Fig. 57) may be regarded as 

an extreme case of the reduction of the 
; mycelium to small gemmae endowed with 
a remarkable facility for budding out similar 
p; cells so as to form colonies which readily 
' ' break up into their component units. This 
budding mycelium is frequently associated 
! with fermentative activity. 

Sclerotia 

Much larger and more complex masses 
of vegetative hyphae than those producing 
chlamydospores may become united into 
p ‘ sclerotia sometimes measuring several 
inches across and as hard and heavy as a 
p stone, but still formed wholly from vegeta- 
g tive hyphae variously thickened and divided 
so as to lose their filamentous character 
and become pseudoparenchymatous. The 
nests of white ants in hot countries often 
contain numerous rounded or spindle- 
shaped stalked sclerotia {Sclerotium stipita-- 
^ ® turn) belonging to the Ascomycete Xyhma 

Fio. 14* — Sclerotia. A, of Corticitm kel- (Fig. 13), while a sclerotium which 

Gladit^m (photo by Dennis) by the basidiomyccte Polyporus myhttm in 






Fig. 15. — Sclerotia (continued) A, of Colletotnchum atranientanum on tomato stem (photo by Bewley). 
J5, of Sclerotmta trifoltorum (photo byWadham). C, of Rhizoctoma solam on swede (photo by Foister) 


Australia, where it is known as ‘ black fellows’ bread as it is eaten by the 
aborigines. Several other Basidiomycetes {LentinuSy PolystictuSy Poria) also form 
large sclerotia. Similar but much smaller types are known in both hot and 
temperate climates, the commonest in the British Isles being the often irregularly 
shaped sclerotia of Botrytis or Sclerotiniay of black-dot of potato and tomato 
Colletotnchum atramentarium and of Corticium {Rhizoctonia) solaniy the cause of 
‘ black scurf* of the potato, etc. (Figs. 14, 15). The round sclerotia of Sclerotium 
rolfsiiy resembling very small seeds, are derived from a parasite destructive in the 
United States and elsewhere, while the still smaller, almost microscopic, Sclerotium 
bataticolum stage of the pycnidial (pre- 
sumably ascomycetous) fungus Macro- 
phomina phaseoli is ubiquitous in 
India and known in several other hot 
countries. In some sclerotia, such as 
those of Botrytis or Sclerotinia, a hard 
outer rind or cortex of thick-walled, 
often dark cells, with small cavities, 
maybe distinguished from a softer pith 
(Figs. 16, 17). Besides being useful 
stores for reserve nutrient material, 
sclerotia are particularly well suited to 
withstand unfavourable extremes of 
temperature, dryness, and the like, and 
are valuable in carrying the organism 
uver long periods of adverse conditions. 



A B 


Fig. 16. — Sclerotial structure. A, section of a 
sclerotium of Rhizoctonia qn root of sea-kale 
showing mycelial hyphae penetrating the cor- 
tical tissues of the root (after Salmon). B, sec- 
tion of 8 sclerotium of ScleroUma ; note the 
thick rind and ' cortex *, and the formation of 
a pseudoparenchyma (after Brefeld) 
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Fig. 17. — Sclerotial development. A, young hyphae of 
Rhizoctonia crocorum, J5, characteristic hyphae of same 
from tufted growth covering the surface of the large 
sclerotia and, to a certain extent, of the * infective 
cushions \ C, section of a large sclerotium of same. 
JD, cells from a macerated sclerotium of same (after 
Duggar) 


Rkizomorphs 

Visible strands or cords of 
mycelium can often be seen 
on turning over heaps of leaves 
or at the base of puffballs and 
other large fungi. The sim« 
plest of these are generally 
white, and beyond being inter- 
twined or sometimes laterally 
united they do not appreciably 
differ from an ordinary bundle 
of vegetative hyphae. More 
complex strands, known as 
‘ rhizomorphs are found in 
the vegetative thallus of some 
fungi. In the less differentiated 
types of these, ordinary fila- 
ments unite with specially 
tough hyphae and sometimes 
with hyphae adapted for the 
conduction of nutrients to 
constitute a part of the plant 
fitted for extensive exploration 
in search of new colonisation 
grounds. In the dry-rot fungus 
Merulius lacrymans (Fig. 18), 
they have been found passing 
through the mortar of walls to 
reach fresh structural wood- 
work on the other side. The 
more highly differentiated 
rhizomorphs are represented 
in the common parasite of tree 


xooX^ArmiUaria melka{p. 907). 
These have been likened to purplish-brown or black leather shoe-strings, 
but they are often much branched, rather uneven in diameter, smooth and 
shiny when fresh, and luminous when young (Fig. 422 b). They consist of 
an outer black, rather brittle rind, composed of brown, thick-walled pseudopar- 
ench3mia, and a light-coloured tough flexible pith in which the filamentous character 
of the hyphae is largely preserved (Fig. 19). Though they grow normally by 
definite apical growth, keeping their root-like form, they can spread out into 
sheets of mycelium in certain positions, especially when they pass under the bark, 
or they may burrow deeply into the tissues of the root, forming tubular structures 
in the long axis of the root ; these are still differentiated into a harder cortex and 
a loosely interwoven pith, and grow only at the apex. Similarly embedded rhizo- 
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8.— Rhizomorphs of Merulius lacrytnans ( x J) (photo by Edgar) 
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Fto, ig,—Arfnillaria mellea. Tip of a rhizomorph showing the superficial loose hyphae, the inter- 
woven hyphae of the ‘ limiting layer ' covering a looser cortex, and a central medulla with an 
acii^ting cavity ; on right, two portions of a young branching rhizomorph (after Zopf, from 
Brefeld’a tekrbuch) 




Fio. 20 . — Black, or zone lines, due to Armillaria mellea. transverse section of pine wood show- 
ing the packing of the bladder hyphae in the tracheids ( x 113). B, longitudinal radial section 
of sarhe ( x 66). C, longitudinal section of the black line showing close packing of the bladder 
hyphae ( x 66) (after Campbell, Ann. App. Biol.) 



Fig. 21 . — Section of a larch stem attacked by Armillaria mellea ; the black lines can be seen, 
especially on the right-hand side of the figure (after Hiley, from Fungal Diseases of the Common 
Larchf by permission of Oxford Clarendon Press) 
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morphs are formed by the Ascomycete, Sphaerostilbe repens y a widely distributed 
tropical fungus causing root rot of tea and other crops. 

In the more serious of the root diseases of tropical plantation crops, such as 
rubber and tea, the rhizomorphs, which are the chief organs of spread, remain on 
or in the roots or other buried timber (whether alive or dead), and even in Armillaria 
mellea their ability to grow away from such supports and food-base is limited, and 
extension through firm soil, other than along wood, is almost negligible. Their 
function in the parasitism of the last-mentioned fungus is discussed in a later 
chapter (pp. 119, 13 1). 

Allied to rhizomorphs are the raised black lines or narrow bands running 
longitudinally on the surface of roots attacked by Armillaria melleUy each repre- 
senting the free margin of a dingy white sheet of mycelium (‘ xylostroma ’) which 
disrupts the wood, often but not invariably in a radial direction. The xylostromata 
are capable of growth at their free edges and of causing infection when a diseased 
root comes into contact with a healthy one. They are much less often seen in 
temperate than in tropical forms of the fungus, in contradistinction to the rhizo- 
morphs, which are common in temperate, but may be hard to find in tropical 
countries. The xylostromata arise by proliferation from a narrow band of deep 
brown cells which form sharply defined black lines in the tissues invaded by 
Armillaria mellea. These bands are sections of continuous sheets crossing all the 
tissues of the host from near the surface to the pith. They begin by a development 
of thin-walled, swollen, colourless, bladder-like cells completely filling the host 
cell cavity (Fig. 20). The bladder cells soon thicken their walls and turn brown. 
When fully developed, the black line is composed of a dense mass of angular, often 
rather small cells of a deep brown colour, and this colour also stains the walls of 
the host cells. The result is a continuous layer surrounding an area rotted by the 
fungus, and it has been suggested that it encloses a mass of fungal tissue, mixed 
with elements of the host, which is protected from adverse influences and to which 
the term ‘ pseudosclerotium * has been applied (Fig. 21). Black lines of this 
type occur in the tissues invaded by various parasitic and saprophytic species of 
JJstulina (Figs. 153, 154), Xylaria^ Hypoxyloriy and the like. 

Stromata 

In many fungi, after a period of vegetative growth in the filamentous condition, 
the mycelium condenses here and there into pseudoparenchymatous masses 
termed ‘ stromata *, which are formed generally on or just below the surface of 
the substratum in which the fungus is growing (Fig. 22). These differ from 
sclerotia only in having usually a less regular shape and a margin in more frequent 
communication with the filaments of the rest of the thallus. They often, indeed, 
as in Rhytismay only form flat crusts covering the deeper hyphae from which they 
have developed (Fig. 23). They commonly constitute a transitional stage between 
the purely vegetative and the reproductive parts of the fungus, and the term 
* stroma * is sometimes restricted to this pre-sporing stage. It is difficult, however, 
to accept this restriction, as stromatic crusts are common that seem to have no 
association with spore bearing. 

The parts of the fungus plant so far considered are chiefly concerned with 




Fig 22 — Development of the stroma A, transverse section of leaf of Rhamnus showing the 
mycelium of Puccinta coronata in the tissues, the fungus aggregating under the upper epidermis 
to form a stroma, which, m is about to form a spermagomum (after Ruth Allen, J Ague 
Res) 



Fig. 23. — Development of the stroma (ronttnued). Transverse section of leaf of sycamore showing 
affected cells of leaf filled with mycelium (mtraoellular mycelium) of Rhyttsma acennutn , the 
mycelium has aggregated chiefly in the split upper epidermis in which a stromatib bed is formed, 
together with a thickened roof, pnor to the development of an apothecium , the occupied leaf 
cells and hyphal bed (hypothecium) thus form a stroma. (See also Fig. 420 B) 




Fig. 24. — ^The black mould, Rhizapus stolonifery growing in a deep medium of malt agar ; pote the 
richly branching rooting mycelium, without cross septa except when the hyphae become 
septated with age, as at A (inset), due presumably to a staling of the medium ; the branching 
rhizome-like branches creep over the surface of the culture and give rise to groups of vertical, 
brownish sporangiophores which bear the spherical black sporangia, as at .8. C, a sporangium 
in vertical aec^on showing the central columella surrounded by spores. D, 8, the dehiscence 
of a sporangium (see Fig, 73). F, the spores, C?, a portion of the contents of a sporangium 
showing the multinucleate spores, sporangial wall, and portion of the columella 
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nutrition. The more specialised rhizomorphs, sclerotia, resting and budding 
cells, take part also in propagating the species, but this is ‘ vegetative ’ propagation, 
on a par with propagation by cuttings, buds, suckers, and the like, amongst higher 
plants. The reproductive system proper is usually quite distinct and well defined. 


Reproduction of Fungi 

Sporophores 

As the vegetative system is usually buried in the substance on which the fungus 
feeds — in the soil, in rotting organic matter, or in living plants — and as most 
spores should be formed in free access to the air to secure their dissemination, it is 
evident that some special arrangement must be made to bring the spore-forming 



Fio. 25. — Zoosporangia. AfO{Achlya{Saprolegmaceae). 
The zoospores collect at the top of the opened 
sporangium, and each becomes invested with a cell 
wall ; on the left, the zoospores arc swarming away, 
leaving their cell walls behind (after de Bary). 
C, B, D, Bt F, stages m the development of zoo- 
spores of Phytophtkora cactomm ( x about 70c} 
C, the multinudeate sporangium. R, the zoospores 
well organised within the sporangium. R, zoo- 
spores passing into an evanescent vesicle before 
liberation, as in £. F, a zoospore and its germma- 
tson (after Blackwell, Tram. Brit. Myc. Soc.) 


Fig. 26. — A conidiophore of tielmintho- 
sponutn (from rye grass), from leaf kept 
in damp chamber for 3 days ; stained 
with lactophenol ( x 250). Note the 
mature spore pushed aside and a new 
spore bemg developed in sympodial 
fashion (microphoto by Dovaston) 
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parts where they will be exposed to the elements. This is done usually by the 
st^'J^ctures known as ‘ sporophores raised vertically above the 
vel of the general mycelium. The sporophore may consist cither of a single 
hypha (simple sporophore) or of bundles or complex masses of hyphae (compound 
sporophore), and it bears on some part, usually towards the top, the spore of the 
lungus. The hyphae of which it is composed ordinarily differ from those of the 
vegetative mycelium in one or more characters, such as their vertical position 
limited growth or special structure (nature of cell wall, shape of the cells, character- 
istic mode of branching, and the like), and as they may be arranged in systems of 
gre^complexity, an almost endless series of different types of sporophore exists) 
Ihe simplest forms are found commonly in many of the lower fungi and in 
ose moulds that are familiar on damji or rotting organic Mibstances and that 
belong to several different families of the fungi (Fig. 24). In some of these, 
particularly such as have a considerable development of aerial mycelium in addition 
to me hyphae buried in the substratum and some of those that grow in water or in 
soil, special sporophores are almost or quite dispensed with, as being unnecessary 
to secure free dissemination. The spores are formed at the tip of, or laterally on 
ordinary hyphae, or, in the aquatic species, in special cells (‘ sporangia ’), on the 
hyphae, and are hberated in the air, the water, or the soil as the case may be 
(hig. 25). More often, however, specialised sporophores are formed, and in the 
Simp est t are single hyphae called sporangiophores, or conidiophores, 
often of distinct shape and size, which grow out into the air, and bear the spores 
on the tips or sides or on lateral branches (Fi^. 24 b, 26). 

In other cases, clumps of hyphae growing close together rise into the air 
tjo^tunes ^ merely remain near together without lateral union (sporodochia) 
(Figs. 27, 28 A-1), sometftnes they unite more or less closely into solid columns 
(corcnua or q^memata) (Fig. 28 j-o). 

Sporophores aggregated into crusts or layers are produced in many funp, 
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Sometim^ these are formed on the surface of the substratum in which the vegetat- 
ive mycelium grows, -sometimes, especially in parasitic and other fungi that grow 
in t e stems and leaves of plants, just below the surface, which is eventually 
rupture so as to expose the spore-bed (Fig. 29). In either case, the layer of 
sporop ores may arise directly from the mycelium below, or there may first be 
orme a stromatic tissue composed wholly or in part of pseudoparenchyma. 

^ ommon examples of spore-beds formed below the surface of the plant are the 
son o the cereal and other rusts (Fig. 30), and the ‘ acervuli ’ of many of the 
Ascomycetes and of the ‘ Fungi Imperfecti ’ (Fig. 31). When formed on the 
sur ace, t ere may be a very large mass of stromatic tissue intervening between 
the vegetative mycelium and the layer of sporophores. Such compound sporo- 



Fio. aS^Development of aporodochium and comninnj. A, bnmdupg sporodoehial coiddionhore 
of Nectnactmabanmj, the blanches are close together, but free. B-G, stages in development 
of sporodochium of Amenta tetbberi. C, early stage. D-G chains of fmm 

^*/*f Bnt. Mye. Soc.). H, I, Futarimt admonm. H, sbot iwS^i 



CH. I 


THE NATURE OF DISEASE ORGANISMS 23 

phores in the form of superficial stromatk crusts or tubercles may be found 
commonly on pieces of old wood, dead branches of trees, and the like, in damp 
situations. Sometimes the edge of the crust becomes free and curves over to form 
a sort of bracket (Fig, 32). This is the first stage in a process which has as its 
purpose the lifting of the spore-bearing part of the sporophore above the object 
on which it is growing. In more advanced types, so much of the crust may leave 
the surface that only a narrow band or stalk remains to join it to the latter (Figs. 
33» 34> 3S)- way the bracket fungi found on trees and old wood, and 

the laterally attached toadstools, are formed. Finally, the whole spore-bearing 
part of the fructification may be raised from the surface on a central stalk (Fig. 36) 
and may be expanded into a cap at the top, as in the well-known mushrooms, 
or m^y remain as a simple or branched, vertically elongated body of various 
shapes. 

In another type of compound sporophore, the spore-bearing hyphae are en- 
closed in roundish or cup-shaped or flask-shaped receptacles. To a common 
form of this type the name ‘ pycnidium ’ is applied when it bears spores on the 



Fio. 29.-— Sporophorea aggregated into crusts. JRhytima acerinunt on sycamore. section of leaf 
stixima showing four acervuli (spermagonia) ; note the vertical spermattophores arising from 
the stromatic bed and the very numerous, minute, comma-like spermatia. R, general appear^ 
ance of the blade stromata on the leaf. C, early infection showing ^nall black spots (fringed 
with yellow ; see Fig. 419). R, later, a group of acervuU on a stroma. E, surface view of a 
stroma at time of formation of apothecia around the margin of stroma ; note, at centre, con- 
version of acervuli into small, round apothecia. F, siurface view of an apothecial stroma at 
time df dehiscence. G, transverse section portion of stroma showing open apothecium in 
active flisdiairge of ascospores ; the median split in the roof is filled with mucilage and may 
open and dote intermittendy. The old leaf tissues below the ripe apothecium still form a 
him stromaitc bed. (See also Figs. 4x9, 420) 




Fig. 30. — Development of the sorus. The uredosorus of Fig. 31. — The acervulus of Gloeosporium 


Puccinia anomala. A, the sub-epidermal mycelium 
of binucleate cells. B, uredospore initials. C, por- 
tion of uredosorus ; note the long hypha-like 
haustoria penetrating the host cells. Z), a group 
of uredospores arising from a common basal cell 
(after D’ Oliveira, from Revista Agronomica) 


musarum on banana. Formation of the 
spore bed below the cuticle (after 
Wardlaw, Trinidad J, Agric.) 
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Ftc. 3*. — Spdropho^es of Bttrmm pur^ 
m dead branch oi a plum tree 
killed by * ailver leaf ’ disease. On the 
vertical branches, as here, the outer 
ed^ 0 ^ ihe crdst^like sporophores are 
free, but nn horizontal branches, or 
lotpii, thb sporophoxes are re* 
sup^ee !dat eriiais liicxi^y attached all 
' arorihcl!,ri^':triiu$^ (reduced) (photo; 
by ©aioft Waaton) 


Fic. 33.^Sporophore8ofiWyrticliirt^n* 
c6hr. The bfadcet-^hke frUctihcations 
are free at die edge and ciirve^ be- 
coming more or less horizontal on 
the tree trunk (reduced) (photo by 
Ba^diss-FIliott) 




Fig. 34. — Sporophore of Polyporus squamosus on a dying trunk of elm. Note the dense porous 
hymenium on the under surface which, at the time the picture was taken, with a beam of stiong 
sunlight falling across the sporophore, was sending out intermittently dense clouds oi spores into 
the air ; note the short stalk of attachment 



Fic. $s-*^porophorea of PanusstypU’cus. Top, the Fig. 36.— -A group of the * ink cap’ fun^s 
tecfiScattons in side view, showing differentia- (Capnnus) showing the typical aganc kind 

tion into a spore-bearing cap or pileus and a of sporophore where a cap or pileus is 

sterilestalk or stipe ; below, the same showing the clearly differentiated from a v^ical stalk or 

gil|sandstalks(reduced){photobyBaylis8-£Uiott) stipe (reduced) (photo by Williams) 





Fig. 37. — Structure of the pycnidium. The pycnidium of Helminthosporium sp., on Cynodon. A, 
the spherical pycnidium arising on the mycelium, with a short neck at the top. J5, the same, in 
vertical section, showing a mass of pycnospPres. C, details of wall structure and mode of 
origin of the short sporophores which abstrict the small spores (after Smith) 



Fig. 38, — ^Sti'ucture of the perichecium. A peri- Fig. 39.'-“The apothccium* Apotheda 

thecium of Ophioboius gramim within the leaf of the larch canker (Datyscypha 

aheath, from oat stubble. The interior is lined mitkommU ( x a) 

wilh dub-shaped asct and the ostiole with peri- 
physea ; on left, a bundle of the septated needle- 
shaped ascoa^res 


THE NATURE OF DISEASE ORGANISMS 




Fig. 40. — Apothecia. a group of apothecia of Sclerotinia cinerea from potato stem, developed 

in culture ; note, towards the centre, their association with clusters of Botryiis conidiophores 
(adapted, after Groves and Drayton, Mycologid). J 5 , a group of apothecia of Sclerotinia minor, 
a seed-borne fungus on clover ; top, three seeds with young apothecia growing from sclcrotia 
on the seeds ( x 4) ; below, apothecia growing from a sclerotium in culture ( x 5) (after Alcock, 
Trans. Bot. Soc. Edin.). C, apothecia of Sclerotinia polyblastis, on leaves of Narcisms ; inset, 
apothecia produced singly from sclerotia (adapted, after Gregory, Trans. Brit. Myc. Soc.) 

outside of the fertile hyphae (Fig. 37), and ‘ perithecium ' when the spores are 
enclosed in the sac-like hyphae (asci) characteristic of the group of fungi known 
as the Ascomycetes. Frequently the term perithecium is reserved for these fructi- 
fications when they are distinctly flask-shaped and opening by a mouth or ostiole 
in the neck (Fig, 38), the term apothecium being given to the forms which open 
wider so that they appear like shallow cups or saucers (Figs. 39-41), and the term 
cleistocarp or cleistothecium for the forms which are more or less spherical and 
open irregularly or by a general breakdown of the wall (Figs. 43, 44). The perithecia 
may be formed either on the surface of the substratum, e.g. Nectria (Fig. 42 b), 



Fio, 41. — Structure of the apothecium. Transverse section leaf of clover showing fully developed 
apc^ecium of Psmuiopeziza trifoBi ; the mycelium occupies the host cells between which is 
<i|i itocumulation of black substance formed by the fungus at the expense of the host cell-wall 
mateviai ; the dub-shaped asci contain eight ascospores (mainly in two rows) ; the paraphyses 
lure numerous and slender ; note a young apothecium at the lower epidermis 








Fig. 42. Perithecial stromata. spheri- Fig. 43. — The cleistothecium or cleistocarp. The 
cal stromatic head of Claviceps pur- spherical fructification of Erysiphe polygoni^ 

purea showing the numerous sunken from Lathyrus communis. It contains several 

perithecia, with slightly protruding asci and opens by an irregular slit to set free the 

necks ( x 70). B, the spherical peri- spores ; note the simple appendages confined 

thecia of Nectnagalligena, more or less to the lower half of the body. The fructification 

free from each other (not forming a was slightly crushed to cause the extrusion of 

continuous stroma), erumpent and the oval asci in which about four or five asco- 

attached to the host only at the base spores are usually developed 

( X 18). C, thin, continuous stroma of 
Epichloe typhina^ forming a film cover- 
ing the leaf sheath of a grass (cocks- 
foot), the perithecia being completely 
sunken (see also Figs, 223, 238, 341) 




A B 

Fio. 44.-^The cleistocarp of EuthHum {Aspergillus). The fructification is spherical and thin-wailed • 
it opens irregularly, or by a general decay of the wall to release the ^ores J the oval asci contain 
from four to eight asc^ores ; some sterile fungal parenchyma cells still remain intemiixed 
with the asci or spores in showing the fructification in section. B, a fructification in surface 
view 


CH. I 


THE NATURE OF DISEASE ORGANISMS 

or immersed in it> e.g. Epichloe, 

Claviceps (Fig. 42, A, c), and opening 
to the surface by the narrow neck 
through which the spores are expelled 
when ripe. Sometimes they are 
formed close together but free from 
each other as in Nectria and Ophiobolus 
(Fig. 196), sometimes in groups im- 
mersed in a common stroma as in 
Claviceps and Epichloe, and, as in these 
two types, the stroma has in some 
cases become elevated or vertically 
elongated so as to raise the spore 
receptacles above the level of the sub- 
stratum. 

In most compound sporophores, 
the spores are not produced on all 
parts of the organs. In the mush- 
rooms, for instance, they are formed 
only on the surface of the gills found 
on the under side of the expanded 
‘ cap ’ (Fig. 45). To the fertile part 
of the sporophore, i.e. that part which 
actually bears spores, the name ‘ hymenium ’ is given (Fig. 46). 

In many cases, where the spore-bearing hyphae are so numerous as to form 
definite layers or a hymenium, certain sterile hyphae usually of characteristic 
form, occur intermingled with the fertile ones. These are frequently known as 
‘ paraphyses ’ and are especially common in the Ascomycetes and Basidiomycetes 

(Figs. 41, 47). The basidia of 
the Hymenomycetes are often 
interspersed with sterile cells 
or ‘ cystidia ' (Fig. 48), 

From the above account of 
the fungus body, it will be 
seen that an ordinary fungus 
consists of a vegetative part, 
usually formed of thread-like 
hyphae buried in the sub- 
stratum, and of a reproductive 
part which is sometimes not 
distinct from the vegetative 
except in bearing spores, but 

Fig. 46.*— The t3rpical Basidiomycete sporophyte. Portion is more usually modified to 
ofasectionacros^ the cap of a sporophore of form a simple or compound 

aporophor.. A, the Ruction 

spores provides for a new 
B 2 




Fig. 45. — Complete section across the cap or pileus 
of a small sporophore of Coprinus showing the 
radiating gills covered with the blackened 
hymenium ( x about 12). When the spores 
are ripe the gills become deliquescent and dis- 
appear in the form of inky drops ; note that 
the spores mature in succession, and deli- 
quescence proceeds from the margin of the 
pileus towards the centre, or stipe 
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Fig. 47. — Structure of the gill-hymenophore. Por- 
tion of a gill of the previous figure showing the 
central, loose medulla (trama), a layer of small 
cells (sub-hymenium) supporting the continuous 
hymenium consisting of protruding basidia at 
all stages of maturity, furnished with basidio- 
spores (ripe spores dark) ; some of the smaller, 
intervening cells amongst the basidia are sterile 
paraphyses ; right, an enlarged basidium with 
four basidiospores borne on sterigmata 


generation of the fungus, one may 
consider that the life-history of any 
species begins with the germination 
of the spore and ends with the de- 
velopment of new ripe spores, or, in 
the case of those fungi which have 
more than one kind of spore, with the 
development of the final or, as it is 
often termed, ‘ perfect ' spore form, 
which is usually the result of a sexual 
process or its equivalent. 

Formation of Spores 

The spores of fungi present a 
wonderful range of variation, there 
being hundreds of types differing in 
size, shape, structure, and mode of 
formation (Figs. 49, 50). The one 



fungus may have several dif- 
ferent kinds of spore during 
the course of its complete life- 
history. The vast majority 
differ sharply from the vege- 
tative cells of the mycelium, 
but in any single species each 
kind of spore remains remark- 
ably constant. Two main 



Fio. 48 ,’— Cy»tidia. portion of the hymenium of Stereum 

ptffpuretm showing two basidia with sterigmata, colour- 
less hyphae, and a single projecting cystidium* B, section 
through the fxtictiheation of same, showing vesicular cells 
in the growing region (see also Fig. 88 ) ( x ^^6) (after 
Eaell, Ait* Mye, Soc,}, C, portion of a hymenial 

layer of P<dyp0rm stkwdmtxH, showing basidia, basidio- 
sporea, paraphyses, and cystidia (shaded) (alter Hiley, 
Amgid Dmam cf the Common by petmission of 

OxIM Clarendon Press) 


types may be distinguished: 
a ‘ perfect ’ form which is the 
result, immediate or delayed, 
of a sexual process (or its equi- 
valent, for fungi have many 
ways of securing the object 
of sexuality — the bringing 
together of nuclei of dif- 
ferent parentage) ; and an ‘ im- 
perfect ’ or ‘ asexual ’ form to 
which the term ‘sporangium,’ 
or ‘ conidium ’ is usually 
applied. When the thallus 
which bears cells capable of 
sexual fusion is distinct from 
that carrying asexud spores, 
the former is termed the 
‘ gametophyte and the latter, 
the ‘ aporophytc The best 
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example of this alternation of generations amongst the fungi is found in the 
genus Allotnyces (Fig. 51), but it is much less clear cut in fungi than in such plants 
as mosses and ferns 

Sexual Reproduction 

The perfect form of fructification differs widely in the three main groups cjf 
fungi, Phycomycetes, Ascomycetes and Basidiomycetes, In the Phycomycetes it 



Fig. 49. — ^Variety of spores in fungi. A-K, spores of aquatic Hyphomycetes, on decaying alder 
leaves. Lemonniera aquatica. B, Margaritispora aquaticuy showing glycogen contents 
( ^S^S)- U, Clavariopsis aquatica (one on the left xaoo, one on the light x lao). A Tetra^ 
dadium marchaHattum ( x 200). F, Tetracladium setigerum ( x 300). F, Tricladium vplmdem 
(htie on the left x 190, one on the right x 150). G, Varicosporium elodeae ( x 200). FT, AngmUo^ 
spora Irngitsima, two aleimospores ; it is difficult to say where the conidiophore at<^8 and die 
conidium (aleuriospore) begins ( xaao). y, Flagelhspora curvula ( xaio). Ijmdoipora 
ettrmia ( x 190) (all after Ingold, Trans. Brit. Myc. Soc.). L, conidia of a species of Futctrium 
from bt^ of gpple (after Salmon). M, conidia of Nectria gaWgena ( x 230) (after Salmon). 

conidia of Hdmif^iospimum avenm (after Dennis). O, spore ball of Soraspotum saponariae 
i ^ 17b) (from Engibr St Prantl). P, three uredospores and a teleutoapore of Puccinia grmrnnk 
(alte Sadis). 0 , Phr^^midium suScorticatum, a teleutospore ( x 350) (after Etigler Sc Prantl). 
A tWb mudform spores of Stemphylium pirifwme (after Saccaido). A Macro^t^dim 
(i^r Saccafdo). T, Alwmana tmm (after Saccardo) 




Fig. $ 0 / — Spore germination. A, Ff, C, stages in germination of conidia of onion mildew (Perotto- 
spora destructor) ( x 200) (after Murphy Sc McKay, Set. Proc, Roy. Dub, Soc,). D, germination 
of the filiform, aeptated aacospore of Ophiobolus heterostrophus (after Drechsler, Agric. Res,), 
Ef three germinating ascospores of Lophodermium pinastHf showing delicate spore sheath \ 
three spore$ show vesicles (after Jones, Ann. Bat.). F, germinating smut spore of UstiU^o 
sminosae producing a septated basidium (promycelium) bearing sporidia or basidiospores (after 
Harpef}« G, germinating smut spore of Ustiktgo carbo showing passage of nucleus from one 
cell to anotlW' (after Rawitscher). H, a germinating spore ball of Toljposporium junci (after 
Prdfeld)« /, germinating smut spores of UstUago avenae (after Western, ^^topu^hgy), 
JC, germinating spore of fUktia triM (after Brcfeld). iNf, germinating mesospores of 
Pmemm sostM (after Lamb, BHmiipss)* geimlfiating teleutospore oi stem rust {Puccitm 
grnifljhif) showifig the two cells producing a sej^ted promycelium with steiigmata and sporidia 
Sdehs), 0 » germinating uredospore of same, the hyphue> passing out through the germ 
pores (after Sachs) v 
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is a thick- walled, well-defined cell, to which the general term ‘ zygote ’ is applied 
in some of the more primitive forms {Chytridiaceae), while in the Oomycetes the 
termed an ‘ oospore \ and in the Zygomycetes, a ‘ zygospore \ A 
simply the end product of the fusion of two cells with sexually differentiated 
nuclei which also fuse. These cells are known as * gametes * and in some of the 
Chytridiaceae are motile ; they may be outwardly alike, so that a ‘ male ' is not to be 
distinguished from a ‘ female ’ gamete (Fig. 250, 16), An oospore is a cell resulting 
from the fertilisation of a larger female cell or ‘ oogonium ' by a smaller male 
cell, the ‘ antheridium both borne on hyphae of the mycelium (Fig. 52). A 
zygospore results from the union of the tips of two branches of the mycelium, 
often quite similar to one another (Figs. 53, 54). In all these cases fertilisation is 
completed, as usual, by the fusion of the nuclei from the two uniting gametes 
to form the zygote At some stage prior to fusion the nuclei undergo a ‘ reduc- 
tion * division, which results in the halving of the number of ' chromosomes ' 
(the bearers of the characters of the species) and gives rise to what is termed the 
‘ haploid ’ phase of the life-cycle. When two haploid nuclei come together in a 
cell, the dikaryophytic, dikaryo-, or dikaryotic phase is initiated ; fusion of the two 
haploid nuclei (sometimes long delayed) restores the original number of chromo- 
somes, half of which are now of different origin from the other half, and the 
resulting nucleus is termed ‘ diploid \ The process directed to bringing together 
the two haploid nuclei in one cell is sometimes called ‘ diploidisation 

In the Ascomycetes the perfect stage is the * ascus ' (Fig. 55), a sac-like, 



Fig. 51. — Alternation of generations in Allomyces, A, Allomyces arbuscula, the asexual thallus 
bearing sporangia (after Butler). B, C, upper cell, a female, lower cell, a male gametangium, 
horn a sexual thallus of same ( x 523) (after Hatch, Bot.). D-L, Allomyces jmanicus. D, 
portion of an asexual thallus bearing Xbosporangia. a zoospore. F, portion of a sexual 
tJbadilus bearing the two kinds of gametangia. G, the sexual organs, the terminal cell a 
male, *he penultimate cell a female, gametangium. /, the larger macrogamete. X the smaller 
microgamete, it, early fusion of the gametes. L, complete fusion to form a zygote (after 
Kniep) 




34 GENERAL PRINCIPLES pt. i 

roundish or elongated cell containing * ascospores ", which is sometimes immersed 
without orderly arrangement in a stroma or in meshes of the mycelium but usually 
lies side by side with other asci and, perhaps, paraphyses to form a definite 
hymenium. In some forms the ascus is the result of the fertilisation of a female 
cell, the ‘ ascogonium through a process or ‘ trichogyne ’ which contacts an 
antheridium-like male cell (Fig. 56). Instead, however, of the two nuclei uniting 
as in the oogonium, they may divide several times and a male and a female pair 
pass into each of a group of cells (the ‘ ascogenous hyphae ") which grow out from 
the ascogonium ; from one or more of these cells the asci arise, each ascus 
still having a male and a female nucleus (Figs. 56, k-n). Fusion of the two 
nuclei occurs in the young ascus and the ascospores arise by the division of 
this sexual nucleus. Owing to their relative sizes the nuclei often have to lie in 
single file in the ascogenous hyphae, and an arrangement known as the ‘ crosier " 
formation is formed by which the division of the nuclei brings together a pair 



Fio. sa. — Sexuality in the Oomycetes. Cystopus candtdus. A, portion of a transverse section of 
inflorescence axis of shepherd’s purse showing a sporangial pustule breaking through the 
f^deitnis ; in the cortex and meduUa note the intercellular myc^ium (widi haustoria) and 
sexual organs, oogonia and antheridia, and thick*walled oospores. R, a multinudeate oogonium 
(below) and anti^iidium (above) in an intercxdlular space. C> fertilisatimi of the umnucleate 
oogonium, the young oospore surrounded by vacuolated cytoplasm and remaining degenerated 
fei^e nudei ; note the daik«shaded remains of die fertilisation^tube and the empty anther** 
idium bdow. JD, the hilly matured, thick-walled oospore within the oogonium, in sectioii. 
the ridged, tu^rcukted epispore of the oospore 


Fig. S3 — Sexuality in a heterothallic zygomycete. A colony of Mwcor derived from -f and ~ 
strains, showing a zone of dark-coloured zygospores at the line of junction between myceha of 
opposite signs ; a culture on weakjpotato agar at 1 8 ° C ( x i) 



Fig. 54. — ^Sexuality in a homothaihe zygomycete (Sporodtfda grandis). A, a portion of the coeno- 
cytic mycelium* jB, fusion of two hyphal tips (gametophores). C, the cutting-off of two 
terminal gametangia and the fusion of their contents following the breakdown of the intervening 
wall ; the contents of the smaller gametangium appear to be penetrating the contents of the 
larger gametangium. D, the young zygospore at the time of nuclear fusions. E, a few of the 
nu4ei in the zygospore showmg various stages of fusion. F, a nearly mature zygospore show- 
ing increase in size, cytoplasm vacuolated and oUy. G, nuclei of the zygospore (after Keene, 
Anfir Bot.) 



Fig. 55. — ^Morphology of the ascus and ascospores A, Exoascus mmor, four asci formed under 
the cuticle of a cherry leaf ; note the stenle stalk cell (after Salmon). B, Ct cleistocarps of 
Sphaerotheca mprs^uvae showing liberation of the single ascus with ascospores (after Salmon). 
D, four ascospores of Dasyobolus tmmersus: the two on the left are normal purple spores, the 
two on the right have a purple band (xayo) (after Gwyime-Vaughan & Willim8on« Tmm, 
Briu Myc. 80c,), JS*, three asci from a perithecium of Ophiobolus heterostrophus showing the 
ascospores spirally coiled while withm the ascus ; m between, a released ascospore with a 
mucous sheath (><314) (gfter Drechsler, y. Agrk. R^s,), jF, an ascus of Sporomia mimnetUa 
showing four-celled ascospores. (?, an ascus of Ppdmpor^ ammhf the eight ascospores more 
or less united by mucilage strands, just prior to dehiscence (alter Ingold, Nm Phyt^k^t), 
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of nuclei, male and female, in the penultimate cell, from which the ascus arises. 
The clamp connection of the Hymenomycetes, to be described below, serves the 
same purpose ^^4)^ There is still some disagreement as to the number, location 
and significance of the nuclear fusions preceding the formation of ascospores, 
and the details of the sexual process are as yet uncertain in some forms. In some 
cases a fusion of the male and female nuclei has been observed in the ascogonium, 
in addition to the fusion in the young ascus, and two reduction divisions following 
this double fusion have been described. 

In the unicellular yeasts the single cell may become converted as a whole into 
an ascus (Fig. 57), the formation of which may be preceded by union with another 
cell by means of a short bridge across which the nucleus of one cell passes to fuse 
with that of the other. In cultures of these fungi some cells are haploid, some 
diploid. 

The great bulk of the Ascomycetes are contained in two main groups, the 
Pyrenomycetes in which the sporophore is a flask-shaped perithecium (Fig. 38), 
often immersed in the tissues or in a stroma and opening by a narrow neck, and 
the Discomycetes in which the hymenium lines the inner surface of a cup-shaped 
sporophore or apothecium (Fig. 41). In the Pyrenomycetes, which are the most 
numerous and diverse group of Ascomycetes, the hymenium lines the inner surface 
of the perithecium and the spores may be extruded while they are still enclosed in 
their asci or after they have been set free into the cavity of the sporophore. In 
the heterogeneous group, the Plectomycetes, the powdery mildews (Erysiphaceae) 
are furnished with a characteristic type of fructification, the cleistocarp or cleisto- 
thecium, which is not provided with an opening and the ascospores are only liberated 
after the protective wall ruptures or decays (Figs. 43, 44). The Exoascaceae are 
included in this group although (as the name implies) the asci are not enclosed in a 
special body at all, but — like Taphrina {Exoascus) deformans y the cause of peach-leaf 
curl (p. 770) — are exposed on the surface of the host once they break through the 
cuticle at maturity (Fig. 143). The typical number of spores in an ascus is eight 
but there may be fewer (in the yeasts, often only one to four) or more, when the 
number is increased by division of the original nuclei, usually to a higher power 
of 2, as 16, 32, 64, 128, but sometimes irregularly from suppression of one or more 
spores. 

In many of the higher Ascomycetes (Pyrenomycetes and Discomycetes) the 
ascogonium which eventually gives rise to the ascogenous hyphae appears often 
to be fertilised by microconidia (oidia or spermatia) (Fig. 58). The oidia may be 
borne laterally on small awl-shaped or verticillate sporophores and in certain fungi 
— as in the genus Sclerotinia — do not function as ordinary spores as they do not 
give rise to a mycelium. When set free in Sclerotinia they adhere to cells either in 


H, Lachnea tcutellatOy four nearly mature ascospores showing vacuolated cytoplasm ; the 
pattern on the epispore corresponds to the position of the vacuoles : on the right, a spore in 
surface view (after Gwynne-Vaughan, Ann, Bot.). Jy ascus, paraphysis, and asco^orca of 
Rhabdiiclme pseudotsugae (after M. and M. J. F. Wilson, Trans. Roy. Scot. Arbor. Soc.). 
Ky three ascospores of Lophodermium pinastri; inset, the spore nucleus (after Jones, Ann. 
Bot.}* Lf Ny OphMalm graminis, £, young ascus showing the eight Hlifbrm spores 
spirally twisted and, so far, uninucleate. My cross-section of an ascus. AT, a mature, septated 
ascospore (alter Jones, Am. Bot.) 




Fio. s6.— “Sexuality in the Ascomycetes. Ascophanus aurora. A, hypha with developing sexual 
branches ; the branched filament half-way down on the right will probably form an anther- 
idfum, the other branches will form oogonia. B, a male branch ending in an antheridium, 
C, two female branches with developing oogonia, from one of which a trichogyne is being put 
out. a young oogonium with trichogyne and male branch ; the latter is shown again m the 
right. B, a pm of sexual bitches, just before union of trichogyne and antheridium. F a 
twisted oogonium after fertilisation. G, a group of three oogonia (all x approx. 930). tj 
passage of male nuclei from antheridium into oogonium { x a6oo). /, pairing of nuclei in the 
oogonimn* X six fhsion pairs^ and some inactive nuclei ( x approx* 1500). K, two oogonia 
with aaoogenous hyphae ( x 930). M, iV, further development in the ascogenous hyphae 
p, B, the Ihtton nudeus in tkt young ascus. Q, third division in the young ascus < x appmx 
isoo) (after OwynntJrVau^an & Williamson, Am. Bot) 






Fig. 57- — Ascus formation in 
the yeasts (Saccharomycetes). 
Budding cells of yeast 
{Saccharomyces cervisae) ; be- 
low, stages in segmentation 
of the cell contents to form, 
usually, four ascospores in the 
improvised cell which becomes 
an ascus ( x 700) (after Hansen) 



Fig. 58. — The probable function of microspores 
(microconidia, oidia, and spermatia) in the 
Ascomycetes, as shown in Sclerotinia convo- 
luta ; the genetic connection between the 
Botrytis stage and the perfect Sclerotinia stage. 
Ay asci, ascospores, and paraphyses from the 
apothecium of S. convoluta shown in vertical 
section in E. By a germinating ascospore pro- 
ducing microconidia. C, a branched conidio- 
phore with immature macroconidia. D, mature 
macroconi dia. F, a group of apothecia in 
association with bunches of the conidiophores 
of the Botrytis stage. G, a group of the stalked 
apothecia (after Drayton, Mycologia) 



Flo. 59. — ^The spermagonium. A typical spermagonium of the rusts. The flask-shaped organ is 
lin^ with narrow spermatial hyphae which abstrict in great numbers the minute, oval, or 
round spettnatia (male cells) ; some of the hyphae with blunt tips issuing at the ostiole may 
ho pargphyses ; the few dub-shaped hyphae with sparse contents interspersed among iIm 
spermatial hyphae are ‘ buffer * cells ( x 480) (after Ruth Alien, y- Agrk. jRer.) 
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Fig. 6o. — Sexuality in the higher Basidiomycetes (Eumy- 
cetea). Development of the four-spored basidium and 
spores in the mushroom. multinucleate portion of 
a mycelial strand connecting the fructification to the 
subterranean mycelium. B, part of a cell from un- 
differentiated fructification » showing six nuclei^ with 
granules near the septum. C, binucleatc cells of the sub- 
hymenium, the terminal cells being young basidia. D-I, 
stages in the development of a basidium, with four sterig- 
mata bearing basidiospores which eventually become 
binucleate (all approx, x 2000) (after Colson, Aim, Bot,) 


special receptive bodies raised 
above the level of the stroma, 
or contained in the sclerotia 
which are characteristic of these 
fungi. Fusion presumably 
results in the transference of 
a nucleus from a hypha in one 
mycelium to another, and apo- 
thecial development follows \ 
Spermatia borne in special 
spermagonia have long been 
known to occur in the life-cycle 
of many rusts (Fig. 59) Pyre- 
nomycetes and Discomycetes 
(Fig. 29, A, d) and to have no 
apparent function as spores 
capable of reproducing the 
species. In a few cases they 
have also been found fusing 
with cells of the primordia of 
perithecia, and though the evi- 
dence is largely circumstantial, 
it is probable that both oidia 
and spermatia ordinarily func- 
tion as haploid ‘ male ’ cells. 

Turning to the Basidiomy- 
cetes, a still greater complexity 
is found in the processes which 
seem to serve the ends of a 
sexual union. In place of the 
ascus of the Ascomycetes, the 
‘ basidium ’ marks the perfect 
stage in the life-cycle. The 
term ‘ promycelium ’ is also 
applied to the basidium in this 
group. It is a round, club- 
shaped or baton-shaped body 
in which the gametic nuclei 


fuse. Subsequently it gives out a group (typically four) of spores (* sporidia ^ or 
* basidiospores ’) on short outgrowths (* sterigmata ’) from its surface (Fig. 60). In 
the wide sense, the Basidiomycetes include the smuts and rusts as well as the mush- 
rooms and bracket fungi, and the different groups vary considerably in the details 
of their perfect stages since the sporidia of the two former groups do not arise 
immediately from the zygote. 

The sporidia of the smuts are borne typically on a promyceKum which resembles 
a stout germ-tube arising from the smut spore (Fig. 6i). In the majority of the 
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species the promycelium is divided 
by transverse septa into four cells, 
each of which contains a single 
nucleus (haploid). Usually a single 
sporidium or hyphal branch is 
produced from each promycelial 
cell, but sometimes two or more 
are developed; the promycelial 
nuclei do not pass out into the 
sporidia but divide, and each of the 
daughter nuclei enters a sporidium. 

In some cases this nuclear division 
may be repeated several times so 
that crops of sporidia arise directly 
from a promycelium. Sometimes 
the four cells of the promycelium fuse in pairs by means of small buckle-like 
outgrowths through which a haploid nucleus passes from one cell to the other 
(Fig. 62). Thus the binucleate, dikaryotic condition in the smuts may arise 
from the union of two sporidia or hyphal branches (germ-tubes), or from the 
union of two promycelial cells. In the genus Tilletia, the nuclei usually pass 
into the sporidia or hyphal branches, none remaining in the promycelium 
which in this type usually remains unseptated (Fig. 63). In Tilletia the primary 
sporidia formed at the tip of the promycelium become binulceate by fusion in 
pairs ; they give rise to fine hyphae on which are borne secondary sporidia which 
are usually also binucleate but on germination give uninucleate and presumably 
haploid sporidia. These secondary and tertiary sporidia are considered by some 
to be the true basidiospores (Fig. 63 c) The smuts are parasites, and in a good 
many species it is the binucleate germ-tubes (‘ fusion hyphae *) which enter the 
host plant, the cells of the mycelium in the host usually again appearing binucleate 
just before the smut spores form, when the two nuclei fuse, transforming the smut 
spores into diploid zygotes. In some species the fusion hyphae are formed within 
the tissues of the host and there is some uncertainty as to the details of the change 
from the haploid to the diploid phase in these. The completion of the sexual 
process from the time the two nuclei are brought together in a cell (‘ dikaryon ^) 
until their fusion in the young spore may take several months. The sporidial 
stage can be readily grown in culture, and experiments with cultures derived 
from single sporidia have established that fusions will only occur between certain 
pairs, and that the four promycelial cells usually represent two ‘ males ' and two 
* females ’ so that a simple form of heterothallism (see below) exists. Since in 
some species more than one pair have been found capable of fusing, it is necessary 
to recognise the existence of more than two kinds of sexually functionable gametes 
in fungi or else to use another terminology. Thus, some speak of the ‘ A * B 
‘ C \ etc,, * genders ’ instead of sexes, or of compatible and incompatible groups. 
At leest nine such groups appear to be recognisable in maize smut 

It has long been known that the rusts have a dikaryophytic phase in which 
^two^ nuclei occur in each celL This commences as a rule somewhere in the 




Fig. 61. — Sexuality in the smut fungi (Ustilaginales). 
Stages in the germination of a spore of Ustilago 
scabiosae, the germ-tube becoming a four-celled 
promycelium or basidium, each cell, after nuclear 
division, producing one or more sporidia or 
basidiospores (after Harper) 
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primordia of the aecidia and terminates 
in the ripe teleutospore (Fig. 64) where 
the two nuclei fuse to form the zygote. 
Rusts are amongst the most pleomorphic 
of the fungi, the full life-cycle often 
possessing no less than five spore stages. 
The basidium (promycelium) arises from 
the germination of the teleutospore — a 
resistant spore-stage homologous with 
the smut spore — and the haploid phase 
is initiated during the process of nuclear 
division in the promycelium, and which 
normally results in the production of 
four sporidia (basidiospores), one from 
each of the four cells into which the 
promycelium becomes divided by trans- 
verse septa (Fig. 64). As in the smuts 
the four sporidia belong to two ‘ sexes 
The haploid sporidia infect the host (all 
the rusts are parasitic) and cause the 
development of immersed flask-shaped 
spermagonia containing masses of tiny 
spermatia which are extruded in a drop 
of sweet ‘ honey dew ’ or nectar through 
the neck or pore to the surface of the 
plant. Here they are visited by flies or 
other insects which carry them to the 
openings of other spermagonia where 
they adhere to certain emergent hyphae 
(Figs. 65 c, 66, 185) in or at the margin 
of the spermagonium The next 
stage is difficult to follow and seems to 
differ in different species. In some, at 
least, the nucleus of the spermatium 
appears to be able to pass back through 
the hypha with which it fused to reach the deeper levels of the haploid mycelium 
developed from the sporidium (Fig. 66 b) The general outcome is the 

establishment of a binucleate (dikaryophytic) condition of certain haploid cells 
at the base of the future sporophore which develops in the vicinity of the 
spermagonia, often on the opposite side of the leaf. This is the aecidium, 
taring binucleate aecidiospores in chains (Fig. 67), From the dispersed aecidio- 
spores arises a piu*asitic mycelium, the paired nuclei in the cells of which are 
maintained by conjugate division. It is this dikaryophytic mycelium that gives rise 
to binucleate uredospores, often in repeated crops of uredosori in such quantity 
riiat the yeUowiah or rusty spores colour the surface of the soil under the infected 
plants. Uitimatoly teleuft>sori replace the uredosori and the paired nuclei at last 


Fig, 62. — Sexuality in the smut fungi (con- 
tinued). A-K, stages in the germination of 
the spore of Ustilago carbo^ without the 
formation of sporidia. A, cross-wall near 
the spore breaking down to admit passage 
of nucleus to the next cell. B, a * buckle- 
joint ’ hypha sent out from the terminal 
cell of a basidium to receive a nucleus from 
the spore, the terminal cell thus becoming 
binucleate (dikaryophytic). C, E, F, G, 
stages similar to A, showing binucleate 
cells. X), fusion of cells from different 
promycelia. H, /, y, various fusions of 
promycelia, or of promycelial cells. iC, a 
spore germinating forthwith to form a germ- 
tube, the long cell becoming binucleate 
( X 400) (after Rawitscher) 
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fuse in the mature teleuto- 
spores (see life-history of 
Puccinia graminisy p. 347). 
The rusts frequently over- 
winter in the teleuto-stage, 
producing their promycelia 
(basidia) when the teleuto- 
spores germinate in the spring. 
In a considerable number of 
species the haploid sporidia 
from the promycelium are 
unable to infect the species 
of host plant on which the 
uredo-teleutospore stage de- 
velops, but attack some other 
species, often far removed 
systematically from the first, 
and cause the development 
in it of a haploid vegetative 
mycelium leading to the 
aecidial stage, while the bi- 
nucleate aecidiospores carry 
the fungus back to the original 



Fig. 63. — Sexuality in the bunt of wheat {Tilletia caries). A, 
the germinating spore, showing a stout basidium or 
promycelium bearing, on short sterigmata, long ‘ primary 
sporidia ' which fuse in pairs in H-fashion. R, a pair of 
primary sporidia germinating after such a fusion, to pro- 
duce a thin hypha which is giving rise to a ‘ secondary 
sporidium this probably being a true basidiospore (after 
Brefeld), C, fusion of thin germ -tubes arising from 
secondary basidiospores to form a thick, dense ‘ fusion 
hypha ", prior to infection. D, E, fusion hyphae arising 
from fused, thin haploid hyphae from which the basidio- 
spores have become detached. C, D, E, on wheat 
coleoptile (after Churchward, Ann. App. Biol.) 


host. This, which is known as ^ heteroecism will be further discussed in a later 


section (p. 87) and seems to be a step in advance along the path already entered 
by the smuts, where the haploid germ-tube may be devoid of parasitic capacity. 



In the Basidiomycetes 
proper the conception of 
sexuality must be further 
stretched if it is to cover 
all the known cases. Not 
only are the four sporidia 
or basidiospores that are 
normally borne on four 
sterigmata on the free end 
of the basidium often only 
able to form thalli that 
can fuse in pairs which 
are mutually inter-sterile, 
but isolation of sporidia 


Fig, 64. — The spore cycle of Puccinia graminis on the cereal host. 
A, part of a uredosorus (after Duggar). B, germinating 
ux^OSpore. C, part of a teleutqsorus showing mature teleuto- 
spores in the cells of which the long-deferred fusion of paired 
nuclei takes place (after Eriksson & Henning). JD, germination 
of the telcutospore, resulting in a haploid condition of the 
spoxidia ^ich, in turn, infect the barberry (after Tavel, from 
de Bary) 


from other sporophorcs 
or other regions may go 
on adding almost inde- 
finitely to the number 
of sexually functional 
gametes found. In these 
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Fig. 65. — Sexuality in the rust fungi (Uredineae). 
The origin of the dikaryophytic phase in Puccinia 
graminis. A , a fertile aecidium in leaf of barberry 
still covered by its peridium b, and showing the 
‘ fertile cells * a, at the base. B, enlarged por- 
tion showing the fertile cells in A ; most of 
these cells are binucleate (dikaryophytic) ; at a, 
b, and c, probable places where passage of nuclei 
into the, at first, uninucleate cells, took place. 
C, a spermagonium, with spermatia embedded 
in matrix (‘ nectar *)»% a; paraphyses at b which 
probably pass back as at c (after Ruth Allen, 
y. Agric. Res.) 


fungi the haploid spore stage may 
be represented by uninucleate oidia 
borne laterally on the mycelium 
(Fig. 68), which may fuse together 
(Fig. 69) or with the end cells of 
hyphae composed of uninucleate 
cells. The result is a binucleate 
cell and the binucleate condition 
in subsequently developed cells of 
the terminally growing hypha is 
maintained by a curious contrivance 
called a ‘ clamp connection ’ 
This, whose presence marks the 
dikaryophytic phase of the my- 
celium, develops around the sep- 
tum formed when the end cell of 
the hypha divides (Fig. 70). The 
clamp begins as a protuberance in 
the side of the end cell just above 
where the new septum will form. 
Both nuclei move to this point and 
one enters the protuberance. Both 
then divide while the septum sep- 
arating the parent cell into two 
develops between the pair arising 
from the nucleus which did not 
migrate into the protuberance. The 
clamp completes its development 
by uniting at its tip with the cell 
below the new septum, and a nucleus 
from the pair formed in it passes to 
each of the two ^ells of the hypha. 
Thus the binucleate cells always 
contain a nucleus from each of their 
two components. Eventually the 
two fuse in the basidium and the 
perfect stage is achieved. Some- 


times the dikaryophjrtic mycelium arises from the fusion of haploid mycelia 
derived from oidia of opposite sex as well as from haploid mycelia of opposite 
sex derived from the germination of the basidiospores. These haploid mycelia 
are without clamp connections and are sometimes termed ‘primary* mycelia, 
as distinct from the * secondary, mycelia of the dikaryophytic phase. Oidia are some- 
times developed on secondary mycelia, when they are usually; binucleke and 
function as ordinary conidia. There appear to be many interesting variations in 
the dinbidisation process, even to the transfer of nuclei from a dipbid to a haploid 
rnyceiumi but it would be outside the scope of this survey to foHow these or the 
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debates to which they have given rise as to the physiological significance of the 
nuclear behaviour There have been several reports of clamp connections in 

the smuts, where the paired-nuclei cell (dikaryon) is less rigidly preserved during 
parasitism than in the rusts. It seems that both in smuts and Hymenomycetes 
the partnership of the two nuclei is liable to dissolution. In Urocystis cepulae 
(p. ^02)y the parasite of onion smut, the cells remain long uninucleate in onion 
tissues, becoming dikaryophytic just before sporulation. 

Heterothallism 

In all the main groups of fungi it has been found that individual thalli or 
vegetative bodies are not necessarily identical in all their attributes in any given 
species. The difference to which the term ‘ heterothallism ’ is applied relates to 
sexual behaviour ; in ‘ homothallic ’ forms (Fig. 54) thalli derived from a single 
spore can give the perfect stage, whereas in heterothallic species (Fig. 53) the 
perfect stage is only produced when union occurs between the cells or gametes of 
certain pairs of thalli. Thalli that can contribute to the development of the perfect 
stage are sometimes termed ^ plus ’ and ^ minus ^ thalli (Figs. 71, 72) but it is scarcely 



Fig. 66 .— Spermatial fertilisation in the rusts. The initiation of the dikaryophase in Puccinia 
phragmites. A, a spermatial hypha (spermatiophore) with three spermatia ; C, ostiolar pen- 
physes of the bluntly pointed type, in an unfertilised twelve-day-old monosporidial infection. 
D, an ostiolar periphysis of the bulbous type in an unfertilised fourteen-day-old mono- 
sporidial infection. E, a spermatium united laterally with an ostiolar periphysis m an eleven- 
day-old monosporidial infection which was fertilised with spermatia 48 hours prior to fixation. 
F, a spermatium united with two adjacent periphyses in an eleven-day-old monosporidial infec- 
tion which was fertilised with spermatia 48 hours prior to fixation. G, part of a hypha of the 
ve^totire mycelium in an eleven-day-old monosporidial infection, showing two thallus-nuclei 
aiS three spermatial nuclei. H, part of an aecidial primordium in a twenty-day-old infection 
fertilised with spermatia, showing binucleatc sporogenous cells (dikaryophytic) ; some * path- 
way ' cells contain, in addition to their own nuclei, residual spermatial nuclei (all x 1500) (after 
Lamb, Am, 




Fig. 67 r — ^Life-cycle of Puccinia grafmnis on the berberry. Transverse section of the leaf showing 
two spetwtgronia at the upper epideimts and a mature aectdium at the lower epidennis ; the 
inter^lluiar mycelium appears to be m conttnuous connection between these organs across the 
leaf tissues ; note the * nectar * and dense aggregation of spermatia at the ostioles of the sperma- 
gonia ; the ‘ fertile cells ’ are at the base of the aecidium, and cut oflf rows of aeckUospores, 
m shown, inset, in F; note the bell-shaped peridium which has raptured the epictonis ; 
imeta. a two-day spondial infection, emptysporidial wall at a, and a thjree-cidlfed primary hypha 

wi^iin the epidermal cell ( x approx. 565) (after Ruth Allen). JB, a fottr-day infb^n showing 
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possible to restrict the conception to a single 
pair of signs. It is evident that heterothallism 
is a means of securing outbreeding, a matter 
the biological value of which is indicated by the 
many well-known adaptations directed to secure 
the cross-fertilisation of flowering plants 
The apparent capacity of the different strains 
in heterothallic fungi to maintain themselves 
indefinitely in the imperfect stage, so that there 
is no way of knowing that they have the ability 
to produce the perfect form unless chance or 
deliberate experiment reveals it, suggests that 
some at least of the great mass of the Deuteromy- 
cetes or ‘ imperfect fungi ’ (see below, p. 338) 
may simply be strains that have lost their 
mates. 

An alternative suggestion that nutrition 
rather than sexuality forms the basis of hetero- 
thallism has found some support. In this nutri- 
tive theory each of the various strains is thought 
to possess a gene or factor, absent from the 
others, enabling it to utilise some essential food 
material. Union of compatible strains brings 
ability to use all that is required 

Asexual Reproduction 

Out of the multiplicity of asexual spore 
forms found in the fungi certain main types 
may be mentioned. The ‘ sporangia ’ of the 



Fig. 68. — Formation of oidia in the 
Hymenomyceles. a chain of 
oidia formed by segmentation of 
contents of a hypha. B, a hypha 
breaking up into oidia at the apex 
with a clear space s between the 
oidia : Uy indicating break in the 
cytoplasm ; «, a pair of sister 
nuclei ; by a nucleus dividing. Cy 
oidium. Dy a portion of an oidial 
chain, with or without, f, a cross- 
walk Ey binucleate hypha 6, bear- 
ing a uninucleate hypha a which 
has broken up into a chain of uni- 
nucleate oidia ; note a clamp con- 
nection immediately above the 
letter E. {Ay x approx. 900) ; (B, 
X 700) ; {C, X 760) (after Brodie, 
Amer. J. Bot.) 


Phycomycetes may contain unicellular ‘ zoo- 
spores the animal-like attribute implied in the name being their power of 


swimming about in water by the movement of one or two ‘ cilia ' or ‘ flagella oar7 
like protrusions of the naked protoplast, attached terminally or laterally (Fig. 25). 
After this free-swimming period the zoospore comes to rest, rounds off, usually 
becomes provided with a cell wall, and then germinates by a germ- tube or by 
a short process which penetrates the host cell. Germination sometimes results 


disintegration of primary hypha and intracellular hypha at IH ; note small haustorium at hy 
the mycelium being now intercellular ( x approx. 365) (after Ruth Allen). C, various sper- 
matial hyphae showing abstriction of male cells (spermatia) ( x approx. 730) (after Ruth Allen). 
Dy some paraphyses at the ostiole of a spermagonium in a twenty-day infection , some contain 
a pair of nuclei 6, c ; sometimes, as at u, there is an additional smaller nucleus ( x approx. 360) 
(after Ruth Allen). B, the basal, or fertile cells, /.6.c., which abstrict the binucleate spore 
cells below ; note, below the young spore cells sc, breakdown of sterile fungal tissue (dark- 
shaded) between diese cells and the lower epidermis of leaf (after Ruth Allen), F, a spore 
chain with a raultinucleate fertile basal cell abstricting binucleate spore mother cells 

from which an aecidiospore sp and an interstitial cell i.c, are finally pr<^uced. G, at riiis 
^riy stage within the base of the aecidium the aecidiospores are hexagonal in outline, ftom 
mutual pressure of neighbouring chains 



48 GENERAL PRINCIPLES pt. i 

in the liberation of a second zoo- 
spore on which the position of the 
flagella may now be different, apical 
or lateral, from their previous posi- 
tion diplanetism ’), so that the 
period of free-swimming life is pro- 
longed (Fig. 290 d). a transitional 
stage in the adaptation of the aquatic 
fungi to life on land is, perhaps, to 
be observed in the Peronosporaceae 
(downy mildews) and some of their 
allies. In many of these the 
sporangium often fails to produce 
zoospores but germinates directly 
by one or more germ-tubes, just as 
if it were wholly transformed into 
a single spore. In the Zygomy- 
cetes, unlike the aquatic families of 
the Phycomycetes, the spores borne 
in the sporangia are not motile 
but are suitable for passive dis- 
semination in the air or water (Fig. 73) ; these are amongst the commoner land 
moulds and include the well known Mucoraceae such as the bread moulds and 
others found on decaying organic matter in the soil and elsewhere. Most mucors 
have mucilaginous spore heads and are not readily dispersed until the head breaks 
up in water or in the soil solution and the individual spores adhere to soil particles 
and the like and are dispersed on these In some of the other genera these 
dried minute unicellular spores, when liberated by the disintregation of the 
sporangial wall, become air borne and are blown about as dust. Pilobolvs has 
the whole sporangial head shot by a water jet generated in the sporangiophore 
to a distance said to be sometimes as much as a yard (Fig. 74 a-d). 

Asexual spore types in the Ascomycetes are legion. To most of them the 
general term ‘ conidium ' is applied, and this name is also often given to those 
sporangia of the Phycomycetes which germinate directly by germ-tubes ; they are, 
nevertheless, potential sporangia in this group. The conidia of the Ascomycetes 
may be composed of one or many cells, uni- or pluri-nucleate, and of the most 
diverse shapes from simple rounded or oval forms to branched bodies, sometimes 
furnished with slender cilium-like antennae from the end cells. 

In the simplest case a conidium is merely the (usually swollen) end of the 
fertile hypha (* conidiophore ') or of a small stalk from the end or side of the latter. 
The spore is cut off by a septum from the parent hypha and may be called a 
thallospore,. Very often, instead of a single spore being thus formed, a chain of 
spores arises from the sporophore or conidiophore* These chains may be developed 
in either of two ways ; most commonly, each new spore of the chain is successively 
cut off from the tip of the parent hypha so tl^t the end spore of the chain is the 
oldest {‘ basipetal ' formation) (Fig. 75) ; kd often, the firat^formed spore buds 



into oidia, some of which are copulating, thus 
initiating a dikaryophytic phase ( x approx. 550) 
after Bayliss-EIliott, y. Econ. Biol.) 
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out another from its tip, and this in its turn another, so that the end spore is always 
the youngest ( acropetal formation). As there may be more than one bud from 
the tip of a spore, the chains of the second type are often branched. 

After a conidium or a chain of conidia is formed on the end of the conidiophore, 
the latter may continue t6 grow from a point just below the tip. The new growth 
usually tends to preserve the same direction as the original stalk, so that the spore 
is pushed over laterally. Slight kinks or knee-bends are often visible at the points 
where such lateral spores have been shed (Figs. 26, 76 a). 

Instead of the tip of the conidiophore bearing a single spore or chain of spores, 



Fig. 70. — Clamp connections and the initiation of the dikaryophase. A, branching hypha of 
mycelium of Corticium seruntf showing the parent cell uninucleate ; the initiation of two clamps 
at the end walls ; the branch hypha is binucleate, a nucleus having probably passed over into 
it by way of the clamp connection above, from the parent cell, after nuclear division. jB, C, 
CoU^^bia comgma showing conjugate division of paired nuclei in the clamp connection on the 
right, as shown at C. J5-/, Amdtlaria tmtcida showing development of basidium, following 
transference of nuclei through clamp connection. i>, the paired nuclei taking up position at 
tW ei<H3ap. B, the coniugate division. F, two of Ae resulting four nuclei pairing in tibe 
young biidium ; of the other two, one remains in the bulge, the other in the stalk-hypha. 
O, hasichum with the fusion nucleus (* deferred f^ilisation *). /, dlYiaion resulting in four 
bi^ioid nu<^ wlbidi hnally pass intp w four hasidiospores (after Kniqp) 
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Fig. 71. — Heterothaliism in the fungi. Humana granu- 
lata (Ascomycetea) showing an archicarp develop- 
ing in the neighbourhood of anastomosis between + 
and - mycclia ( x 200) (after G Wynne- Vaughan 8 c 
Williamson, Ann, Bot.) 


it often branches and the conidia 
are borne on the ends of the 
branches, which may be of limited 
growth and characteristic shape 
as in Penicillium (Fig. 77 c). Or 
instead of branching, the apex of 
the fertile hypha may enlarge 
into a head or columella as in 
Eurotium (Fig. 77 a) which bears 
a number of spores or chains of 
spores, again usually on special 
short stalks. The term sterigma 
is again often applied to such a 
spore-bearing stalk and, as it 
may branch one or more times 
before the spores develop, sterig- 
mata of a second or third order 
may be recognised. 

The sterigma, or hyphal 
branch, which abstricts conidia 


in succession, thus becoming constricted just below its apex, before cutting off 
the spore, is often called a phialide, and 


the abstricted conidium a phialospore, 
e.g. Penicillium (Fig. 77 c), Margariti- 
spora (Fig. 76 b), Flagellospora (Fig. 
76 c). During this development there 
is no formation of a cross-wall separat- 
ing the spore from its phialide, and a 
cleavage line arises separating the two 
when the spore is fully grown. When, 
however, a newly developed spore is 
delimited from its parent hypha by a 
new transverse wall, it is called an 
aleuriospore (Fig. 76 D, e, f). In some 
forms {Anguillospora longissimay Fig, 
76 f) it is not certain where the conidio- 
phore and the aleuriospore begins, until 
the separating cell is differentiated. 



Again, spores formed on a sterigma or 
hypha, without reference to the growing 
point of the hypha, are called radulo-* 
spores, e.g, dmrea (Fig, 77 n). 

fungi develop their spores in two 
of these ways, thus the last-named type 
may also produce phtalospores, and 
Acmspdrei bms may imt akuriospores 


Fig. 72. — ^Heterothaliism (continued), Ascobolus 
fnagnificus. A--C, pairs of young male and 
female branches ; in C, the first hyphae of 
the sheath are growing out. D, the oogonium 
forming ascogenous hyphae ; the tip of the 
empty anUieridlum is attached to end of 
trii^gyne. M, wsUi ascoganoue 

hyphae and empty antheridiam tail x 200) 
(ai^Cwyime-Vaughah Williamson, Am, 
Bat.) 
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and phialospores, but others, such as 
Penicillium produces, asexually, only 
phialospores. Thallospores, as above 
stated, are single spores derived from 
a mere swelling of the end of a hypha, 
and are not distinct structures, and 
while the distinction between radulo- 
spores and phialospores is not always 
sharp, that between thallospores 
and phialospores is fundamental 
Some spores are formed more or less 
continuous along the hypha, with no 
sterile internodes in between as are 
found in sporodochia, and are called 
pionnotes ; in pionnotal cultures 
sporulation takes place freely within 
the medium as well as on its surface, 
but in sporodochial growth, sporula- 
tion is almost entirely confined to the 
surface. 

Outside the three main groups, 
Phycomycetes, Ascomycetes, and 
Basidiomycetes, there remains a vast 
assemblage of fungi known only in 
the conidial stages. These imperfect 
species, the Deuteromycetes or Fungi 
Imperfecti, are assumed on good 
grounds to be mainly asexual stages 
of Ascomycetes. Their numbers are 
slightly reduced from time to time 
by the discovery of the place of one 
of them in the life-cycle of some 
ascigerous species, but it seems prob- 
able that in many the perfect stage 
has been lost and the fungus is per- 
petuated indefinitely in the conidial 
condition. They include many para- 



Fig. 73. — Spore dispersal. The Mucoraceae. Ay 
much enlarged head of a typical mucor spo- 
rangium showing the columella and spores 
(diag.). B-Dy Rhizopm stolonifer, B, dehisced 
sporangium projecting into the air ; the col- 
lapsed columella bears a mass of spores and 
fragments of the sporangial wall ; many of the 
spores have already been blown away. C, a 
similar sporangium from which nearly all the 
spores have disappeared. D, from a spore 
deposit collected on the lid of an inverted 
culture ; the spores, being dry, have a wrinkled 
appearance (after Ingold, x 500). B-D (after 
Ingold, New Phytologist) 


sites and amongst them are represented every type of asexual spore and sporophore 
(except sporangia and sporangiophores) mentioned above, the simplest forms 
being designated Hyphomycetes and the pycnidial forms Coelomycetes. Some 


hesitate to apply the terms genera and species to such imperfect organisms and 
prefer to qualify them as ‘ form genera ’ and ‘ form species So long, however. 


as systemadcs has not reached the point of indicating true affinity (and that is 
far off) there seems to be little reason for this refinement. Names based on 
(%tracters that can again be identified are necessary to group organisms together 
hato recognisable units, and a fungus capable of independent existence, perhaps 




Fig* 74. — Spore dispersal {continued). Pilobolus kleimi (Mucoraceae). A, mature sporangio- 

phore showing sporangium at apex^ drops of liquid exuding from the stalk. the sporangium 
(black) filled with minute spores, with clear mucilage below ; the cone-shaped tip of columella 
is in contact, through the mucilage, with the centre of the black-capped sporangial mass. C, 
the entire sporangium ejected. D, the spores. E-G, Podospora curvula (Ascomycetes). E, 
pedthecium with asci showing through the transparent wall ( x yz ) ; ostiolar region (lo min. 
later) shown on the right ; the tip of the ascus which was leading in E has reached the ostiole 
and is about to dischaige its spore mass. F, a single ascus which has commenced to swell 
( X 167). Gp a discharged spore mass showing the ascus*cap attached to the apical spore 
( X 167). tSparomia mtermedia (Ascomycetes). H, a perithecium (on a piece of straw) 

showing protruding ascus tip ( xgj). J, ascus, before rupture of the outer wall < X4ax). 
ascua^ after rupture of the outer wall and elongation of the inner wall ( x 4^1). K, Pod^spma 
fimhidup an ejected mass of spores held by strands of mucilage exuded by die spore- 

apex and by the appendage cell, tp Mp Ceratmt&meUa mnpuUasca (Aaccxxiycetes). L, a peri- 
thectum in acdw di^arge ; an ascus is still held in the ostiole and is abput to explode ; three 
empty aaci eloae by baVe ^ected their spore loads shown abotre ( X40). Mp a single, matttte 
detached ascus ( x jo8) (all after Ingdd, Nm Phy$<dt}igut) 
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indefinitely, in a conidial stage appears to be 
fully entitled to such dignity of status as may 
be implied by the use of a properly employed 
binomial terminology. 

Polymorphism 

The occurrence of different types of spore 
and of spore-bearing structures in the life- 
history of an individual fungus has been in- 
dicated already, Ascomycetes, rusts and Fungi 
Imperfect! being particularly rich in examples. 

A rust, for instance, may have spermagonia, 
aecidia, uredosori, teleutosori, and the pro- 
mycelium (bearing sporidia) in its full deyelop- 
ment. So also an Ascomycete may have a simple 
Hyphomycetal spore stage and a development 
of pycnidia, or spermagonia before asci are 
produced. In the life-history of some Hypho- 
mycetes the type of spore found may vary, 
presumably as a result of age and the action of 
environmental conditions, to such an extent as 
to place the fungus in different genera accord- 
ing to the prevalent spore form encountered. 

Thus, the well-known Heteropatella antirrhiniy 
the cause of ‘ shot hole ' of cultivated snap- 
dragon, may appear as a Pseudodiscosia or a 
Cercosporellay which is actually only a summer conidial (acervular) stage of the 
pycnidial fotm Heteropatella on the dead or moribund stems (Part II, p. 850) : 
and Ramularia vallisumbrosae (Part II, p. 866), the cause of * white mould ' 
of narcissus, may appear as an Ovularia or a Cercosporella instead of a typical 
Ramularia Similarly there is reason to believe that Ovularia primulae and 
Cercosporella primulae are the same fungus as Ramularia primulae Amongst 
pycnidial fungi, again, it is probable that Phoma destructiva and Diplodina 
lycopersici refer to the same tomato parasite, the perfect stage of which is 
Didymella lycopersici (Part II, p. 667), while it seems likely that Ascochyta 
lycopersici is only another phase of this polymorphic species. Species of Septoria 
and Stagomspora are also stated at times to pass through an Ascochyta stage ^^3), 
It is cases such as these that give force to the arguments against recognising 
imperfect forms as unqualified genera and species, but many of them are due 
to such notoriously variable characters as spore septation and sporophore type. 
Indeed, it is not unknown for variable characters in the sporophore to make 
it difficult to assign, say, one of the Polyporaceae to its proper genus. 

In the opposite direction to the conidial forms mentioned in the last para- 
graph are those in which similar conidial stages may occur in fungi that are 
syatematically far removed from one another. Thus both the Ascomycete 

c 



Fi(, 75 — Asexual spores. Cysiopus 
candtdus. The multmuclcate spor- 
angjophores and sporangia ; note 
the ongm of latter from the 
swollen tip of a fertile hypha, and 
others formed in basipetal suc- 
cession ; cellulose joints or dis- 
junctors, which break down prior 
to dispersal, are shown between the 
sporangia, note* knob ’ haustonum 
in host cell 
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Fig. 76. — Types of conidiophores in asexual reproduction. A, a conidiophore of Ophiobolus 
heterostrophus showing ‘ knee joints ’ (geniculate) at which septated conidia are developed in 
sympodial fashion (after Drechsler, J. Agric. Res.), B, development of phialides and phialo- 
spores in Margaritispora aqtuitica ; note the shaded glycogen vacuole in the spore ( X613). 
C, Flagellospora curvula showing four stages in the development of phialospores ( x 370). 
D-F, development of aleuriospores. D, Clavariopsis aquaticuy six stages in the development of 
a spore, the last stage showing disjunction ; upper cell with three processes ( x 233). E, 
Tricladium splendens, six stages, as above ( x 220). JP, Anguillospora longissima^ four stages ; 
it is difficult to say where the conidiophore ends and the aleuriospore begins ; note the in- 
definite breakage ( x 270) (after Ingold, Trans. Brit. Myc. Soc.) 

Mycosphaerella anS the smut Entyloma may bear a form referable to the genus 
Ramularia. 


The Dissemination of Fungi 

A few fungi are disseminated principally in the mycelial state as, for instance, 
the tropical thread blights which blow about with the leaves to which they adhere ; 
the ‘ Corticium ’ disease or ‘ red thread ’, a common trouble of lawns and sports 
greens in Britain, produces on the leaves a mycelium of coral-like threads which 
adhere to the tips of the dying leaves (Part II, p. 481). Others are distributed as 
vegetative propagants such as the sclerotia and stromatic crusts of Rhizoctonia 
solmi, of which the sporing form, Corticium solrmi, plays little part in spreading 
the fungus (Part II, p. 528). The long-distance dissemination fungi is, no 
doubt, often to be traced to the transference of viable mycelium in plant produce 
from one country to another; this has happened in elm disease and vei^ 
probably in potato blight and with many other fuitgi. 



F«s* 77.^ — Typeatof comdiophores (cmtinued). A, B, Eurotium (Aspergtllus). A, the sponmgigl 
h<^d in surface view. the same, in section, showing the ongm of the sterigmata as smalt 
ovet whole surface of the swollen end of the conidiophore, each sterigma abstrict- 
Ing Si tlittin of conidk. C, hraitching conidiophore and mode of development of phklides and 
m the irregularly branched conidiophore of Botrytk amrea^ with a 

to the lefty 



S6 GENERAL PRINCIPLES pt. i 

Usually, however, the spores are the organs of dissemination* As they are 
very small (invisible singly to the naked eye) and so light as easily to be caught 
up into the air as an impalpable dust, the wind is the chief agent in their dispersal 
(Fig. 79 A, e) ; there are, however, other important methods of spread. 

The spores of fungi may retain their vitality for considerable periods (dry 
spore dust of Aspergillus oryzae up to 35, and of Ustilago crameriy up to 64 years), 
and they show amazing powers of resistance to extremes of heat and cold : sealed 
in vacuum tubes, slowly dried spores of Mucor and Aspergillus have withstood a 
temperature of liquid air ( - 190® C.) for nearly 500 hours, followed by immersion 
of the tubes in liquid hydrogen (-253® C.) for 77 hours Susceptibility to 
heat varies greatly, for some spores are killed in 10 to 15 minutes at temperatures 
far below the boiling point, whereas occasionally some can stand the direct action 
of boiling water or live steam for the same length of time. So also the spores of 
some species are killed by drying for 24 hours or even less, while others can be 
best preserved in a dry condition. As a rule spores are less sensitive than hyphae 
to adverse surrounding conditions, and vegetative growth is often inhibited at, 
or near, the freezing point, as is evident from the action of refrigeration in checking 
mould growth ; slow growth on frozen foodstuffs, however, has been recorded, and 
very slight superficial mouldering of meat will occur at a temperature of - 6*^ C.^s). 
Unless special precautions are taken, mouldering as a result of spore germination 
quickly supervenes on removal from cold storage. These resistant properties 
of spores are of value in facilitating the aerial dissemination of many fungi, for 
desiccation in the air and extremes of heat and cold on the ground may have to be 
faced. 

^The vertical elongation of the sporophore is often a powerful aid to exposing 
the spores freely to air currents. Amongst other adaptations which seem to have 
the same object, the forcible projection of spores from their stalks is often important. 
When enclosed in a receptacle there are sometimes arrangements for expelling 
the spores actively into the air. These are often brought into action by changes in 
temperature or dryness, as in some Ascomycetes where ‘ puffing * (the expelling 
of a number of spores together in a cloud) can be induced by concentrating the 
sun’s rays through a pocket lens on the receptacle. Some of the Discomycetes 
respond similarly if breathed upon when ripe. In the Basidiomycetes it is 
usual to find a mechanism for the violent release of the basidiospores based on 
the secretion of a drop of fluid at the junction of the spore and its sterigma 
(Fig. 78). For full advantage to be gained from these various adaptations it is 
necessary that the spores should be dry and free from mucilaginous envelopment. 

In a considerable number of species, including many fungi whose spores are 
developed in acervuli, the spore beds are surrounded by a gummy secretion (Fig. 74). 
A great many of the bacterial plant pathogens also are immersed in mucilage as they 
are extruded to the surface of the host plant. When dry, the secretion tends to 
harden into flakes or sheets, but these are readily soluble in water, as in * halo blight ’ 
of French beans, due to a bacterium {Pseudomonas pkmeoUctda) (ftirt II, p. 596). 
Dissemtnaricm may be effected by the blowing about of &e dried gummy shreds, 
followed by the setitug free of the individual cells in rain drops, as sometimes 
occurs in the Ameriom flieblight of fruit trees^ due to Bmtmpm or 
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in Xanthommm malvacearum in cotton, 
though the latter is often also carried as 
dust from adjacent cotton fields infected the 
previous season. The spore bed may be 
exposed to rain splashing which carries the 
spores to leaves or stems in the vicinity ; 
species of Colletotrichum are often dissemin- 
ated in this way. Amongst the Hyphomy- 
cetes it is possible to distinguish two main 
groups according to the slimy or dry char- 
acter of the spores, and the method of their 
dispersal depends largely on this character, 
the dry spores being predominantly suited 
for distribution by the wind, while the 
slimy ones are carried by water, by insects, 
or by adhering to adjacent plants and the 
like. In a recent survey of the British 
Hyphomycetes three-fourths of the species 
belonged to the dry-spored group ^^7). The 
Coelomy cetes, on the other hand, are gener- 
ally representative of moist sporing fungi, 
the moist-spored Hyphomycetes, the spores are liberated in a mass held together 
by water or mucilage, and in this form may be subject to aerial dispersal before 
they are broken up by rain or dew. 

Knowledge of the long-distance air-borne dissemination of fungal spores has 
greatly increased of recent years Observations on the spread of white pine 

blister rust {Cronartium ribicola) in the west of the United States and Canada 
indicate that it is due to wind-blown infection of currant and gooseberry bushes 
by aecidiospores from pines that may be hundreds of miles away (see p. 934) 
Similarly, cereals are infected over great areas by wind-borne uredospores of their 
rusts. Numerous examinations of the spore-content of the upper air have been 
made by aeroplane. In early flights, carried out in 1921, spores and pollen grains 
were found to be fairly abundant up to u,ooo feet, above which they became 
scarce. Uredospores of Pucdnia graminis caught at 7,000 feet were germinated 
successfully. Above 10,000 feet, mould spores, such as those of Aspergillus and 
PenicUlium^ and bacteria, are most frequently found, occurring at times up to 
nearly 20,000 feet There is circumstantial evidence that the distance to 
which such spores may be borne in a viable condition during storms is limited 
mainly by their ability to survive atmospheric conditions. These naturally vary 
greatly from year to year during the period of spread, but it is reported from 
Canada that there is rather conclusive evidence that under certain conditions 
the black rust of wheat has been carried for four or five hundred miles, or even 
farther, through the air These spores (and, no doubt others) tend to be 
deposited in definite showers rather than in a continuous steady fall ; in w^tem 
C^tda rust spore-showers occur after a day or two of strong south wind* 

Tile long-distance dissemination of cereal rusts has been intensively studied* 



Fig. 78. — Mechanism of spore release in 
the Basidiomycetes. The ‘ water drop ’ 
mechanism. Ay basidia of Puccinia, 
developed from the teleutospore, show- 
ing, on the right, a spore-projectile with 
an attached drop of water. R, bastdia 
of an agaric type, showing the same 
mechanism (after Buller) 

In some of them and in many of 



GENERAL PRINCIPLES 


PT. I 


S8 

Black rust due to the well-known parasite Puccinia graminis occupies a practically 
continuous wheat belt in North America from the Gulf of Mexico to the Prairie 
Provinces in Canada ; as the crop is maturing in the south at the same time that 
it is being sown in Canada, and the intervening areas are more or less intermediate, 
a regular succession of wheat ready for infection is available from south to north 
in the spring and summer. The spores seem to follow a main northward drift- 
path from an area in Texas, where the rust over-winters in the uredo stage and the 
wheat ripens in the late spring, through Kansas in May and June, to the upper 
Mississippi States. In Texas itself the summer is intensely hot and the rust is 
unable to survive until the new crop is sown in the autumn. Re-infection then takes 
place, apparently chiefly by a reverse flow of spores from the north. So there is an 
ebb and flow of infection to and from the area in which this fungus over-winters 
but cannot survive the summer. Confirmatory evidence of this movement is 
provided by the incidence in particular years of certain physiologic races (see p, 89) 
of the fungus in the areas concerned ^^6)^ jsjo doubt the spread is not ordinarily 
carried out in great jumps, though spores not of local origin have been caught as 
far north as Nebraska in May and June : usually there is time for one or more 
breaks and the renewal of the inoculum (spore dust) by the infection of local crops 
in the path from Texas to the northern Mississippi and Canada ^54). Some 
irregularity of incidence in the upper part of this tract may result from the local 
over- wintering of the fungus in the teleutospore stage and infection of the alternate 
host, the barberry, in the spring, for this rust is heteroecious and produces its 
aecidial stage on barberries, whence it can infect neighbouring wheat and possibly 
start an epidemic. But many of the barberries have been destroyed in the barberry 
eradication campaign (p. 325) and their disappearance in due course will, it is 
hoped, save much of the chief wheat-growing region in the northern States and 
Canada from all but the northward spore drift, for the region is much too cold to 
allow the rust to over-winter in the uredo stage. Attention can then be concen- 
trated on the production of rust-resistant wheats in the comparatively restricted 
over- wintering area in the south. 

Nearly all the wheat grown in India is found as a winter crop in the plains. 
In these areas rust is unable to survive the intense heat of the summer, and the 
wheat and barley crops are infected anew each year from rusted cereals grown in 
the Himalayan foot-hills and some of the hills of Peninsular India <^7), Barberries 
occur in these hills but not in the plains, and though the aecidial stage of Puccinia 
graminis has been found on several of the Himalayan species, it seems to play 
little part in the perpetuation of the rust. The uredo stage is abundant when the 
hill crops are harvested in May and June, and then persists on stubble shoots and 
volunteer plants until the new hill crops are sown in the autumn. Areas have been 
found in the Central Himalayas where the early crops are sown in August-Septem- 
ber and may be heavily rusted by the first week of December. Inoculum is thus 
available in time to accoimt for the first outbreaks in the Indo-Gangetic Plain, 
which usually occur in January-February. The uredospores have been trapped 
in tl^ air by means of specially devised aeroscope slides well before the rust has 
been found on the crops in the plains. In Peninsular India simaar foci of early 
infection of the growing hill crop have been found and seem to account for ex- 
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tensive distribution of the rust in Madras and the Deccan. A similar chain of 
infection serves to explain the distribution of wheat brown rust {Puccinia triticina), 
whereas Puccinia glumarum^ the cause of yellow rust, is more sensitive to heat and 
its uredosori are not ordinarily found in the summer below about the 6,000 feet 
level in the Himalayas, though it may be the only rust seen above 7,000 feet in 
November-December. 

The long-distance dissemination of cereal rusts in several parts of the world is 
effected on the same broad lines. Thus the wheat in the Amur region of eastern 
Siberia gets its inoculum from over-wintering areas in Manchuria ; North Africa 
seems to be infected from Europe, the Balkans from Asia Minor, and the Argentine 
from Brazil. So to a great extent has been cleared up one of the greatest mysteries 
with which plant pathologists in certain parts of the world were faced before it 
was known that spores could be carried over long distances in the upper air. 

Such long-distance spore flights are evidently limited to certain types of spores 
and of prevailing meteorological conditions, at least so far as the parasitic fungi are 
concerned. If they were general, the object of the plant quarantine services main- 
tained by most countries would be defeated. Heavy wind-drifts or storms no 
doubt play an important part in them, as does the presence in a receptive condition 
of a susceptible crop in the area reached. It is known, furthermore, that spore- 
contaminated air not far from the ground purifies itself by the fall of the spores at 
rates varying from 0*5 to 5 mm. per second, while their presence over the ocean 
has been found to diminish with increasing distance from the land and catches 
taken on shipboard may fall to nil in individual voyages fairly soon after reaching 
the open sea ^3) ; various favourable conditions must coincide to permit successful 
long-range spread, and they do not seem often to occur. 

There is still a great weight of evidence from the known facts of the spread 
of parasitic fungi into new areas in support of the view that * discontinuous ’ 
dissemination is usually effected by transport on or in the host plant, and is linked 
with the movement of nursery stock or other plant produce along recognised trade 
routes The discovery of spore-passage in the upper air and its bearing on the 
dissemination of the rusts shows that wind-borne distribution can be an important 
factor in certain circumstances and must always be regarded as a possible menace 
by those responsible for the protection of crops against foreign disease. It is 
also ordinarily accepted as responsible for much of the ‘ continuous * dispersal 
of fungi within any given land area. But sea-barriers and sometimes mountain 
ranges have proved effective checks to the dissemination of many plant parasites. 
Either the spores are unable to survive long passages in the air, or the timing of 
their flight is such that a suitable host in a receptive condition is not available 
when the new area is reached, or the meteorological conditions (prevailing wind, 
drought, etc.) are adverse, or other causes intervene to spoil a safe lodgement. 
Many favourable circumstances must combine to render the invasion successful, 
and experience suggests strongly that they seldom do. Supporting evidence can be 
found in the history of the spread of American gooseberiy mildew {Sphaerothcca 
(Part 11 , p. 817) in the British Isles and on the continent of Europe; 
of potato wart disease {Synchytrium endobioticum) (p. 499) in many parts of the 
thou^ the resting sporangia of this fungus might be expected to reach 




Fig. 7^. — Spore dispersal in the glebal fungi (Gasteromycetes). A-Ey Lycoperdotiy a typical puff- 
ball. Ay the fructification consists of a fertile head and a sterile stalk By the same, m section, 
showing the sporogenous ‘ gleba ’ m C as a spongy mass, the cavities in which are lined with 
basidia as in D, Towards maturity the gleba dries to form a powdery mass, and when the 
thick wall or peridium opens at the top the spores are emitted, as at By when the fructification 
1$ shaken ( x J). Phallus (Stinkhorn). Fy the unopened fructification (about the size of a 

hen’s egg) is partly concealed in the soil and is attached by long white rhizomorphs. G, the same , 
in vertical section, showing the dark gleba supported on a hollow, spongy stalk, the whole covered 
With a thick, gelatinous volva or peridium. Hy the gleba is held in place on the reticulated 
surface of a thimble-Uke receptacle. /, the greenish gleba, in section, on the receptacle. Jy the 
fructification at time of spore dispersal, the dark gleba on the receptacle, earned up by the 
elongation of the spongy stalk ; the ruptured volva at the base, it, deliquescence of the gleba, 
the basidiosppiiea being held in the viscid, foetid drops which attract carrion flies ( x J) (after 
Fischer, from Engler k Prantl) 
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the air with dust from infected fields ; of blister blight (Exobasidium vexans) 
on tea in India ; of cacao witches* broom {Marasmius perniciosus) in South 
America and the West Indies ; of several parasites of trees and of ornamental 
plants, and of many others. In general it may be said that if human agency 
be excluded, dispersal within a new area is gradual and continuous, each new 
generation extending the area by a rather limited distance. This happened when 
the vine mildews and that of the oak were introduced into Europe from America, 
though the latter at least seems to have had some jumps of about loo miles, and 
also with several diseases such as chestnut blight {Endothia parasitica) introduced 
into America from abroad. 

Some spores are disseminated largely with the seeds of the plants on which 
they grow. This is the chief means of spreading bunt of wheat and various other 
diseases against which seed disinfection is practised (see p. 242). Soil fungi are 
carried by irrigation water or surface-wash after heavy rain and are also liable to 
be distributed by farm implements, or plough cattle, or on the feet of farm workers. 

The dissemination of the spores of certain fungi by insect^has been noticed 
by botanists for very many years. Basidiomycetes belonging to the Phalloid or 
stinkhorn group were particularly marked examples (Fig. 79 f-k), for their strong 
and penetrating odour attracts carrion and other flies, and the special adaptation 
of this group for insect dissemination was early suggested and subsequently fully 
established The sweet honey-dew in which the spores of some fungi are 
extruded has also long been known to attract insects. These visit the ‘ Sphacelia * 
stage of Claviceps purpurea (Part II, p. 445), the cause of ergot of rye, and carry 
spores away not only as an external contamination but also in the alimentary tract, 
through which they can pass uninjured. The more recently discovered function 
of insects in securing the fertilisation of the rusts has been mentioned above (p. 42). 

Naturally, however, it is the r6^e of insects in the spreading of parasitic 


diseases that has attracted most 
attention in modern times, and 
its importance is now fully recog- 
nised Insects are the main 

agents of dissemination of virus 
diseases, their activity as vectors of 
which is discussed in Chapter VIII, 
on these diseases. They also play 
a considerable part in the spread of 
bacterial diseases, such as fireblight 
{Sacterium amylovorum) in orchards, 
where they are attracted to the 
gummy exudate from twig cankers 
in the spring and carry the bac- 
terium*laden matter to the blossoms 
and young growth of healthy apple 
and pear trees ; the honey-bee is 
consideied to be one of the chief 
agents in initiating the blossom 



Fig. So.— Spore dissemination by boring insects. 
Dutch elm disease ifieratoHomella uhm). A, egg 
galleries and larval mines of the smaller elm bark 
beetle Scolytus multistriatus on the surface of 
the wood. Bf the adult beetle (x8). C, a pupa 
(adapted, after Welch, CnnmeU Ext, BuU, apo) 
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blight form of infection, and the 
discovery that the organism is 
able at times to persist in the 
hive was followed by an embargo 
being placed on honey from in- 
fected countries in some places 
still free from the disease. Some 
of the insects concerned are 
able to inoculate healthy trees by 
puncturing the young growth. 
The organism that causes bac- 
terial wilt or Stewart’s disease 
of maize, Xanthomonas stewarti^ 
has been found to over-winter 
in hibernating Chaetocnema 
pulicaria flea beetles, the chief 
vectors of the disease in the 
United States, and to be inocu- 
lated into the growing crop 
by these insects in the spring. 
Cotton Stainers of the genus 
Dysdercus, and some other in- 
sects, are responsible for the in- 
troduction of the minute fungi 
Nematospora and its allies into 
Fig, 8i, — Dutch elm disease. Emergence holes made young COtton bolls, where they 
by adults of the smaller elm bark beetle, natural induce internal boll disease ; the 
(after Jones, Lft. ,85. U.S. Dept Agric.) successive 

cotton crops on various (mostly wild) plants and trees, of which the baobab is 
one of the most important in Africa, but it is not yet known how or where 
they harbour the fungus, though the evidence suggests that the association is 
close. 

In many cases insects that cause wounds, such as those that bore into stems 
or gnaw the softer parts, carry parasitic bacteria or fungi on their bodies and serve 
to spread infection. The Dutch elm disease {CeratostomUa idm) (Figs. 80, 81) is 
mainly disseminated by bark-boring beetles of the genus Scolytus, and the water- 
mark disease of willows (Part II, p. 888) seems to be spread by several different 
kinds of insects. The blade rat, and soft rot of cruciferous plants, due to 
Xmthomonas campestris and Bacterium earotovonm (Part II, p. 553), respectively, 
are also carried passively by insects and other small animals su^ as slugs. It 
is easy to deoumstrate bow readily some of these cagan^s are picked up by 
allowing an insect from a heavily diseased plant to pass across the solid surhice of 
some suitable nutrient preparation and observing the colonies of micro-organisms 
that subse<}uentiy develop along the insect’s track. 
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The Nutrition of Fungi 

The spote^ oagermiiiation, gives rise to a germ-tube, which at first is nourished 
hj rjaserve ^.otcin, carbohydrate, and fat stored up in advance. In many cases 
t he fat r eserves are more p romin ent than those of a protein or carbohydrate nature* 
being often ve^r noticeable as oH drops in the ripe spore. Very soon the young 
Kyphae begin to feed for themselves. The organic food they require 
dissolved before it can be taken in, because solid particles cannot pass through 
the cell membranes. This food in solution reaches the interior of the hyphae 
by^aTprocess of absorption. Unlike the green plants, fungi cannot build up their 
carbohydrate nutrients by photosynthesis from the carbon dioxide of the air, 
for they lack the chlorophyll which makes this possible. In this respect the 
chlorophyll-free plants are like animals requiring their carbohydrates to be ready 
prepared by having been built up to form the bodies of other plants or animals. 
They are usually capable, however, of modifying carbohydrates and other organic 
compounds by enzyme action so as to make them more readily assimilable. 

Inorganic substances — mineral salts and elements like nitrogen — are as 
necessary in the nutrition of fungi as in that of higher plants and animals. Most 
of these, however, occur in combination in the organic substances on which fungi 
feed. As with the higher plants nitrogen, phosphorus, and potassium are amongst 
the most important of these elements, others required in lesser degree being 
sulphur, magnesium, calcium, and a little iron. 

It is nowadays a matter of common knowledge that animals and man require 
certain accessory food substances — vitamins aad the like — in addition to those 
which satisfy their needs in jproteins, carbohydrates, fats, and salts. Fungi seem to 
have similar requirements, though ^knowledge of these is not yet far advanced 
Many fungi and bacteria are able themselves to synthesise these substances and 
even to produce them in excess and excrete them into the surrounding medium 
Various examples of the growth- or development-promoting action of one fungus 
on another have been known for a long time, and most of these can be traced to 
the liberation of auxins or vitamins from the mycelium of the first of the two 
organisms concerned. Filtrates of the staled media in which certain bacteria 
and fungi have been cultivated have the same effect. 

v/X ggun n (vitamin Bj) has been found especially active in this respect. Many 
fungi are able to manufacture sufficient for their needs or even to produce an 
excess, but others require an external source of supply. On the whole, this part 
of the vitamin B complex appears to be the most generally valuable accessory 
substance required by fungi. 

Yeasts grown in pure synthetic media develop slowly until they synthesise 
a substance originally named * bms ’ but now known in purified form and com- 
mefdatly available under the name ‘ biotin ’ ; when biotin or various fungal or 
bacterial filtrates or organic substances (e.g. yolk of egg) containing it are added, 
growth is considerably stimulated. A good many other fungi arc now known to 
res|h^d by increased growth when biotin is made available to them ; some samples 
fsi agar used for solidifying culture media contain it in considerable quantity^ 
Siwaofihies two fungi can be grown successfully in mixed culture in synthetic 
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media when cither alone makes little progress Thus, Polyporus udmtus and 
Nmtatospora gossypii do well together, the former supplying biotin which is essential 
to N. gossypii and the latter aneurin without which P. admtus virtually fails to 
grow. Similarly the red yeast Rhodotorula rubra can grow together with Mucor 
ramannianus in a synthetic medium in which neither alone succeeds. Both biotin 
and aneurin can be synthesised by certain fungi from pure dextrose, amino-acids, 
and inorganic salts ^^3). 

J According to the manner in which fungi obtain their organic food, they are 
divided into two great classes ; Saprophytes and Parasites. 

Saprophytes obtain their organic food from the dead tissues of animals or 
plants, or of substances derived from them. Hence they are found in large numbers 
in the soil, pervading every bit of rotten leaf or twig or root or every particle of 
manure. They grow as moulds on foodstuffs, and in the tropics on boots and the 
backs of books in the rainy season. Every bit of old timber in the forests is liable 
to be permeated all through with their hyphae. As already mentioned, they 
share with the bacteria the role of nature’s scavengers, often having a specified 
part to play in preparing refractory material, such as the skeletal parts of plants, 
for bacterial decomposition. In breaking down the walls and contents of plant 
cells, they liberate carbon dioxide which becomes available in the air for the 
carbohydrate nutrition of green plants, hydrogen which forms water, ammonia, 
and so on. 

JParasites obtain their food from the living tissues of animals and plants. While, 
therefore, many saprophytic fungi play a useful part in nature as scavengers, the 
parasites are almost entirely hurtful. The few cases of beneficial parasites, from 
the point of view of man, are those which attack noxious insects and occasionally 
destroy large numbers of them. The great majority of parasitic fungi feed on 
living plants, those useful to man as much as, or more than, the weeds or useless 
kinds. A living plant on which a fungus feeds is often termed a ‘ host plant ’ 
for that fungus. There is scarcely a plant of our fields, gardens, and forests 
which does not serve as a host plant for one or more species of fungi* 

Several different classes of parasites may be distinguished. Obligate parasites, 
for instance, pass through the whole of their life-history on living plants, and 
cannot be grown on dead or artificial food material. Such are me rusts, the 
powdery mildews, some Ascomycetes, and other fungi. FaadtaHte saprophytes 
arc those that feed usually on living tissues but can, at need, pass through a part 
of their lives as saprophytes. Often their full development is only reached on 
the living plants and they cannot be got by artificial cultivation to complete the 
whole of their life-cycle. The smuts furnish examples of this, as they can often 
live by budding opt little oontdia for a considerable time in soil, imt usualfy Only 
grow to maturity and produce their perfect spores on a living plant. 
pmmites, on the other hand^ are those which usually grow m 
matter and are capable of passing through the whole of as 

sapr^bjn^, kit have at same lime the facuhy of atta|dSng tissues 
conditions. ^ ' 

Witei these mnm divisnm% parasitic fungi may show every degree of adapts- 
imn m die Attkkw<«tiaidof i^e^ialearec^^ 
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facul^tivc parasites, which may be called ‘ weak parasites as they becomeparasitic^ 
only occasionally, when the host plant has been weakened in its vitality by some 
harmful age ncy. Plants not yet acclimatised in a new locality, or suffering from 
insect attack or mineral deficiency, or grown in insanitary conditions such as 
overcrowding, too dense shade, unsuitable or badly drained soil, and the like, 
are particularly liable to become available as food to these fungi that are normally 
saprophytic. Cases of the sort have been recorded from time to time, though 
few have been adequately investigated ; for instance, Diaporthe perniciosa and 
other fungi to which the die-back and bark canker of fruit trees in the south of 
England were at one time afFfibufed are now believed to attack only trees weakened 
from other causes. It is, perhaps, as profitless as it is impossible to draw a hard- 
and-fast line between saprophytism and parasitism in some of the fungi ; even 
in the commonest of all species, Cladosporium herbarum (Part II, p. 387) on fading 
green plant parts, there are too many records of injury from its action to deny it 
all possibility of behaving as a weak parasite under certain conditions. 

In many cases, particular tissues of a plant are normally of low vitality and are 
readily available as food for weak parasites. Such are the gorged cells of many 
pulpy fruits, oranges, cherries, apples, and the like, and also the older living wood 
of trees. 

It is probable that the fungi termed ‘ wound parasites ' are limited in their 
aggressiveness by some nutritional failing. At first these live only on the dead and 
rotting tissues caused by a wound or injury to the plant. Later on they begin to 
spread to the undamaged cells farther in, and they may extend through a large 
area of the living tissues, eventually, perhaps, killing the whole plant. It may 
be that during the period of saprophytic life the enzymes of the fungus are produced 
in quantity and concentration sufficient to enable them to attack living tissues 
exposed to their action, and transform the walls and cell-contents into nutrient 
material which the fungus can utilise. If this is so, an analogy can be drawn with 
the action of decaying petals in promoting infection by Botrytis cinerea. That 
enzyme production can be greatly modified by nutrition has been fully established 
in this and other fungi (p. 130), 

The distinction between parasites and saprophytes cannot be maintained in a 
few fungi which are able to attack perfectly sound tissues of healthy plants should 
they come in contact with a suitable host, but in the absence of the latter can live 
and develop freely on dead materials. Such a case is the * damping off ’ fungus 
Pythiutn de baryanumXP^ 11 , p. S79), which is present as a saprophyte in almost 
every garden in some parts of Europe, and at once attacks and destroys seedlings 
of cress and certain other plants, should they be grown in the soil which contains 
the fungus. Neither neglect of cultivation nor unsuitability of soil predisposes 
to this disease ; wounds are not necessary for the entry of the parasite ; and, if 
anytjung, damping-off is worse on rich soil than elsewhere. Several parasites of 
trees, e.g. the comition bracket fungus on elms, Polyponis squamosus (Fig. 34), 
can continue to live on the dead wood as saprophytes ; these, however, are usually 
wound parasites of a less s^gressive tyjMj than the damping-off fungi. On the 
AteppO pine in France, Ttmmtes pini (Fig, 434 h, i) dies with the tree, but Pomes 
continues to rot the fallen timber. 




Fio. — ^Typea pf hauatoda* Mrysiphe grmmnis. A, im atage of penetratioo, marked by a 

apot on iiii»»r aide of host cell wall, B, penetration tube making its way thrm^ epideniW 
wail* further stage in penetration ; cellulose papilla on inner wall elongates and tbe tube 
grows* distyi end of penetration tube enlarging. papilla bored tlW0ugb> ^ haustorium 
developing witbout a sli^tb. stage before entrance of nucleus of haustniiimi ; atrei<^d 
and plaamtc imsbrane of host ceH forms a bonndary-^membtane or ahetdih whk^» in 

tlna case, is de^d of contents. G, haustoriwm without a sh^tht H, iumsto^utn without 
sheaihi but protoplasiii of host cell w^em to nde of nedk, X dite lobed haiistoria 

on Foe. M on S^e^ dKwofor. The epid^^ 
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The Mechanism of Feeding by Parasites 

Parasites reach their food either by sending their mycelium into the interior 
of the host plant or remaining for the most part superficiaT and sending only 
suckers or a liniited growth of feeding hyphae into the surface tissues. Usually in 
the internal parasites endophytes e.g. ^cerimm (Fig. 5), the feeding 

hyphae penetrate directly into the cells of the host, the cell sap and more solid con- 
tejit s Being taken up by absorption after the latter have been brought into solution 
by the enzymes of the fungus. Often, however, the earlier stages of feeding are 
markedl^y the dissolution of the cell walls of the host by enzymes such as pectinase 
and cellulase ; tTiese walls can provide many fungi with much of the carbohydrate 
food that they require. In a few fungi^^uch as the Exoascaceae (Fig. 143), ihe 
mycelium is wholly intercellular^ without any intracellular parts, so that absorption 
oT nutrient solutes must occur through the membranes of the host and parasite 
cells ; this is probably a common occurrence, for even when the cells are entered 
much of the mycelium may remain intercellular and probably receives its. ibod 
directly from the surrounding cells. It was at one time believed that some of the 
superficial parasites (^ ectoparasites ’) of leaves and twigs could similarly feed by 
absorption from the epidermal cells across the outer wall of the cell and the cuticle, 
\Jc>ut in most of these fungi, feeding hyphae or suckers have now been found to enter 
(the cell cavities ; this occurs, for instance, in the light-coloured thread blights 
(mostly species of Corticium or Marasmius) and in the dark Meliolaceae or Asierineae. 
In the ectoparasite of some European pine trees, Acanthostigma parasiticum^ 
it is stated that the white mycelium which forms cushion-like layers on the under 
surface of the needles obtains its food through tiny rod-shaped processes which 
penetrate through only the cuticle and not through the inner (mainly cellulose) 
parts of the outer wall of the epidermal cells. As in the subcuticular parasites 
such as Taphrina rhomboidalis, absorption of nutrient solutes must occur through 
the subcuticular membrane of the needle leaf. 

Haustoria 

Many intercellular parasites tliat apparently find difficulty in getting adequate 
nutrition by absorption of solutes into their hyphae from the, cavities of the host 
cells ^nd^intp tjhye cells ^cmlised hyphae which act as feeding organs^^ ^hese 
‘haustoria’, Haustoria occur in all tb^ main groups of f un gi, 
usually bu t not exclusively in obligate parasites with an ectoparasitic or an inter- 
cellular myceliumT They vary in shape from the knob or sac-like type found in 
Cystqpus (Fig. 75fto simple or lobed or branched or coiled hyphae in many Erysi- 
ph^em PJiycomycetes gnd rusts, or coralloid types as in Peronospora schachtih 
on beet (Figs, 8a, 84) Some of the complex forms almost fill the cells they 
occupy can^ hardly be disringuisbed from an intracellular mycelium, as in 


^ white ftmn die ifwme infection-^hypha another penetration tube passes through the epidermal 
eett ittto a ceu below (the sheath is not visible) ( x 600). N, Erynphe cichoracearum^ on Eupa* 
peif^ of eell of a hair showing two haustoria ( x 1300, all other hgures above, 

^ tatxoj <a|let Grant Smith, Goa.). O, PermotpOira ichachtH^ on beet, allowing ntyeelium 
Ml ibbed* eorallotd hausttiria < x 500) (after Singalovaky, Atm. Epiphyt.) 
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Peronospora parasitica (Fig, 83). Tkdr shape is not very constant, as it may vary 
to some extent according to the tissue invaded. 

The haustorium usually enters the cell by an exceedingly fine hypha resembling 
the infection hyph^ arising from an appressorium by means of which, as will be 
seen later,* iriany parasites enter the outer membrane of the host (Fig, 82). After 
entry the haustorium often grows towards the nucleus of the host cell (Fig. 84), but 
while, at first, it may not enter the ‘ primordial utricle ’ or peripheral plasmatic 
membrane of the protoplast, only pushing H in and invaginating it, the utricle 
may finally be pierced by it the early stages the haustorium is bounded 



Fig. 83, — Peronospora parantim in the floral axis of shepherd’s purse (Capsella hursa^past&ris). 
Longitudinal section showing the intercellular mycelium, chiefly m pith and cortex. Lobed 
haustoria are frequent in the cortical cells, amounting almost to an intracellular mycelium. 
The ri#it half of the section has passed largely through a vascular bundle ; the left half 
between the bundles. Insets : At the coiled hatistoria in the cortical cells ; note also inter- 
cellular hyphae. B, the intercellular mycelium in the vicimty of the pith, where there is much 
destruction of the tissues ; the xylem vessels are not enteied by the Ihngus ; on the right 
coded haustoria in the xylem parenchyma. C, the sexual organs in the intercc^ular spaces of 
the cortex ; muhtnucleate oogonium on the iett $ on the right, all the nuclei of the oogonium, 
except the egg nucleus, are at the periphery of the ooplasm ; below, a npe oospore showing 
remains of a fertilisatiofi^tube and an empty anthendium beneath it 



CH. I 


THE NATURE OF DISEASE ORGANISMS 69 

by a thin limiting membrane, and this sometimes persists. Frequently, however, 
Various thickenings occur around the point of entry or deeper in. WHra Stewloped 
around the narrow style-like stalk of the haustorla of Erysiphe graminis 
many rusts, the thickening is continuous with the inner wall of the cell (Figs. 82 c, 
III) and is closely similar to the infection pegs (Chapter IV) found where a parasitic 
hypha enters a cell. It is sometimes effective in checking penetration. When 



Fig. 84. — Apparent relation between host nuclei and fungal haustoria in penetrated cells. At a 
living cell from the cortical parenchyma of the petiole of hollyhock \attacked by Pucatda 
malmcearum ; haustoria are seen lying in the protoplasmic strands, and the disorganising 
chloroplasts are aggregated around the enlarged nucleus ( v 650). B, the same, showmg the 
connection between the haustorium and the host nucleus by 6ne strands of protoplasm ; the 
nucleus has lost its chromatin granules ( x 1800). C, the nucleus of an unaffected cell, corre- 
sponding to that in B (after Robinson, Manch. Mem. 57). B-F, haustoria of Puccinia anomaia 
on barley. JP, epidermal cell with its nucleus pulled in two directions by two haustoria. B, 
formation of a vacuole at the point of contact between haustorium and nucleus. F, haustorium 
in a mesophyll cell in a nine^day-old infection, in contact with nucleus (after D* Oliveira, 
Mmdfta Agrm.). G, B, Podosphmtu leueotricha on apple. G, uninucleate haustorium. Ht bi- 
nucleate haustoriuiU with host nucleus close by ( x yyo) (after Woodward, Trans, Brit Myc, Sac*) 
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found around the body of the haustorium it is often later in appearing and may, 
in old haustoria, be a means of walling off the intruder, or a consequence of ex- 
cessive drain on the cell contents, as in tubers attacked by potato blight (p. 516) ; 
as injury to the cell from over-virulent action of the fungus increases, so the 
haustorial cover thickens. There is little doubt that these thickenings are pro- 
ducts of the host cell, and indeed it is sometimes possible to distinguish two 
layers in the sheath, one being the membrane of the haustorium and the other a 
covering deposited by the host. The latter seems to be usually cellulose, but 
there may be some lignification of the older sheaths. Callose is stated to occur 
sometimes between the two layers or in the exterior one. C The haustorium itself 
may have from one to many nuclei. In some smuts the haustoria are typically 
binucleate, but those of the downy mildews may sometimes have only one nucleus 
though others have several, as in the coenocytic hyphae from which they arise J 
Most of the Tiaustorial fungi arc obligate parasites, but some, such as the 
Phytophthoras and Actinonema^ can be grown in artificial culture. It is probable 
that many of the intercellular hyphae are not wholly dependent for their nutrition 
on the haustorial apparatus, but, like other fungi occupying a similar position, can 
get some nutrition by absorption from the surrounding cells. While, therefore, the 
haustorial habit is not a strict criterion of status as an obligate parasite, it suggests 
a high degree of specialisation in some (presumably nutritional) requirement 
which ordinarily it has not proved possible to supply in culture. It marks increased 
adaptation to the parasitic life over that shown by the destructive action of parasites 
such as Pythium and Botrytis, for one of the characteristic features of many of the 
haustorial fungi, especially the rusts and smuts, is the absence of any gross indica- 
tion of injury to the protoplast of the host cell for a period which may sometimes 
be almost equal to the lifetime of the plant. This aspect of their parasitism will 
be referred to again in a later chapter. 


The Enzymes of Fungi 

Cln the preparation of their food for absorption fungi, like animals and man, 
rely on enzymes or ferments, of which they may possess a formidable array. 
Among the hydrolytic enzymes detected in Polystictus abietinus are cellulase, 
pe^inase, ligninase, diastase, sucrase, inulase, tanninase, pepsin, trypsin, er^S^n, 
and lipase, while the oxidising enzymes of this fungus include catalase, peroxidas^" 
and laccase In Aspergillus oryzae diastase, invertase, maltase, lactase, protease, 
rennet, and lecithinase have also been recorded.) Many of these enzymes are 
excreted into the surrounding medium, sometimes in considerable quantity and 
capable of utilisation on a commercial scale Apart from the use of yeasts in 
brewing, distilling and baking, diastase from fungi is used medicinally and in 
various industrial processes ; acetone can be formed by Mucor rouxii and other 
fungi from sugar-yielding plant products ; citric acid is now mainly a fermentation 
product of Aspergillus niger^ for which one American firm some years ago kept 
nine acres of mycelium in constant commission yeasts, Mucors, Aspergilli, 
and bacteria are all employed singly or in various combinations in the Eiast and 
in Africa for the preparation of various ‘ beers fermented milks, non-alcoholic 
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drinks, and seasonings ; while gallic acid, which is used in dyeing and as a con- 
stituent of inks, has been commercially produced by the fermentation of tannins. 
The proteolytic enzymes of Aspergillus oryzae and its allies are used in the Far 
East in the preparation of readily digestible substances from the protein-rich 
soy bean.^ Not less important are the processes of fermentation carried out during 
metabolism within the hyphae. During the period of stringency of fats in Germany 
about 1918 more than a million kilograms of glycerine were being produced monthly 
from fungi, and in Russia Endomycopsis vernalis was used experimentally for the 
same purpose some years later. Molasses, beer-wort, potatoes, hydrolysed wood 
pulp, or the like, together with salts of nitrogen and phosphorus, provide the 
culture medium for the fungus. Some moulds are even more effective in syn- 
thesising fat as a reserve nutrient in their mycelium than the yeast-like Endomycop'- 
sis ; Penicillium javanicum can store up to 41*5 per cent, of fat in its hyphae when 
grown on glucose and salts. Yeasts and their allies are also able to manufacture 
high-quality proteins, with vitamins, from the same raw materials, and some 
20,000 tons of dried yeast, containing about half its weight of protein, were annually 
produced in Germany during the first great war. Probably the best species for 
this purpose hitherto tested is Torula utilis. These examples, taken from only a 
few amongst many, indicate that both by means of the enzymes excreted from the 
mycelium and by those concerned in metabolic processes within the hyphae fungi 
can synthesise a remarkably wide range of substances from organic materials. 
Many have been identified and they represent almost every type of compound 
known to organic chemistry. 

{The enzymes are organic catalysts which, unlike the inorganic ones, are de- 
stroyed bj hei^ting. Hydrolysing enzymes split up disaccharides such as sucrose, 
malto se, lactose, and the like into two similar or dissimilar molecules of mono- 
saccharides — dextrose (glucose), levulose (fructose), mannose, galactose, etc. 
Cane sugar, for instance, is readily ‘ inverted ’ by invertase from fungi, giving one 
m^olecule of glucose ^nd one of levulose, while maltase gives two molecules of 
glucoseTfom maltose. The hexose monosaccharides, especially glucose, appear 
to be readily available to fungi ; on condensation (the reverse of hydrolysis) they 
give hexosan polysaccharides (starch, cellulose, etc.). The pentose mono- 
saccharides, such as xylose and arabinose, condense with other sugars to form 
pentosans — polysaccharides common in pectic membranes, gums, mucilgg^s, 
and the like ; acted on by the pectinase of fungi, they give galactose and other 
bodi^. On splitting up, the polysaccharides give more than two molecules of 
monosaccharides. The proteolytic enzymes of fungi, pepsin, trypsin^ crepsin, 
etc., change the less soluble proteins into the more soluble and readily diffusible 
peptones and amino acids. Tannase forms glucose from tannin and lipase, 
glyefefdl ¥nd higher fatty acids from fats. Certain moulds can grow in the waste 
liquor from the manufacture of sulphate wood pulp, decomposing the lignin 
present as chemically combined lignosulphonates ^^2). 

^The oxidative processes of certain bacteria provide energy enabling them to 
synthesise carbohydrates when carbon dioxide is their sole source of carbon, 
although they have no chlorophyll and light is not needed for the purpose. Such 
are the nitrifying bacteria, Nitrosomonas and NitrococcuSy the sulphur bacteria 
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Beggiatoa and Thiothrix^ and the iron bacillus Spirophyllum. The oxidase of strains 
of the common mould Aspergillus niger^ can oxidise glucose to gluconic acid 
directly. Similarly some yeasts can directly oxidise maltose, giving off carbon 
dioxide. Yeasts will grow with the organic salt ammonium tartrate as their only 
source of carbon. Such examples are sufficient to illustrate the remarkable ver- 
satility of the enzymes of bacteria and fungi. 

The enzyme armament varies considerably in different fungi. Some can 
attack chiefly the cell membranes, others the cell contents. The Peronosporaceae, 
Erysiphaceae^ and rusts, for instance, have little or no action on the membmnes, 
using chiefly some of the cell contents, while those wood-decaying fungi (see 
p. 21 1) that affect tissues with scanty cell contents must get much of their food 
from the walls ; this accounts for the cavities in the older wood caused by certain 
species. Enzyme production may vary according to the strain of the fungus 
concerried, as is fully recognised in brewing and other fermentation industries. 
TIj^ conditions under which the fungus grows, especially its nutrition and aeration, 
also have a marked effect. Thus a strain of Aspergillus niger was found to form 
diastase copiously when grown in media containing starch, glucose, or maltose 
but not at all when grown on 5 per cent, glycerine. An acid reaction was necessary 
for optimum production on the enzyme in this case, but pectinase may sometimes 
be most active in acid, sometimes in alkaline plant juices, and this seems to depend 
on the presence of other substances which are adsorbed from the medium. It is 
believed that the pectinase is the same in all of a number of fungi tested (including 
Botrytis cinerea^ Pythium de baryanuniy Phytophthora erythroseptica^ Sclerotinia 
fructigenay etc.), but its properties depend on its exposure to the action of other 
substances while whether it is produced at all and the quantity produced, 
depend on the medium in which the fungus is grown (see also below, p. 129). 

^fiome fungi can cause notable rises in temperature in decomposing plant 
material. Thus Aspergillus fumigatus has been found to raise the temperature of 
oat straw inoculated with it from 25'' to nearly 55® C., in 38 hours. The most 
extensive decomposition of straw has been obtained by a mixture of soil Actino- 
mycetes and fungi. Most of the common soil moulds Aspergillus, Penicilliuniy 
Trichoderma, Rhizopus, and so forth utilise the carbohydrates cellulose, hemi- 
cellulose, pentosans, and mannan readily and rapidly in decomposing plant 
material but not lignin ; certain Basidiomycetes, however, such as the common 
edible mushroom, do not make use of hemicelluloses but deplete the lignin and 
protein, while causing also a loss of cellulose. Some of these fungi can decompose 
humus 


Effect of Nutrition on the Structure and Life-History of Fungi 

All saprophytes and many parasites can be grown on artificially prepared food, 
or ‘ culture media The kind of food supplied may have a profound effect on 
the structure and reproduction of the fungus. With such plastic organisms, 
however, generalisations are difficult and the most that can be said is that a par- 
ticular effect is obtained with a given strain of the fungus grown under a certain 
set of conditions. Other strains and other conditions may give different results. 
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In some fungi, as in higher plants, it is possible to enhance vegetative vigour 
at the expense of reproductive activity by nutritional treatment. Thus, the aquatic 
fungus Saprolegnia mixta tends to produce a vegetative mycelium only, without 
any spores, when supplied with abundant food regularly renewed. If such sterile, 
strongly growing cultures be transferred to water, or to a weaker food solution, 
sporangia with zoospores are formed in quantity. Transferred to a solid substance 
of little nutritive value, such as plain agar, sexual oospores are alone produced <^7). 
In early studies of Pythium ultimum (p. 507) only oospores were produced on 
cabbage leaves whereas on other substances sporangia were formed The my- 
celium of various common moulds {Mucor, Penicillium, Aspergilhs, AlternarWy 
etc.) is quite different in structure with different food supplies ; in some of the 
Mucors it may be changed wholly or in part from the filamentous to the gemmate 
condition. Nutrition may determine the proportion of aerial to submerged 
mycelium or the formation of coremia (mycelial strands) in place of single hyphae, 
or even of sporodochial erect clustered hyphae instead of a recumbent growth. 
In some genera (e.g. Fusariumy Actinomyces) the colour of the mycelium may 
vary according to the composition of the medium on which it grows and also 
according to the pH of the latter Such effects are the commonplace of all 
mycological laboratories and account for the caution shown in attempting to 
identify fungi from mycelial characters alone. As already mentioned, the mor- 
phology of the spores and their method of attachment to the sporophore are much 
more^ reliable specific characters and are those mostly used. Even here, however, 
there are difficulties, linked largely with vigour or luxuriance of development. To 
surmount them, many futile attempts have been made to devise a standard or an 
ideal culture medium on which fungi would give consistently satisfactory growths. 
That these must fail in, at least, the considerable number of facultative parasites 
which show the specialisation of parasitism described in the next chapter is evident, 
if specialisation is dependent on nutritional qualities of the host, and there is 
overwhelming experience available to show that even pure saprophytes do not all 
use the same food and cannot all be given a single satisfactory diet. 


Symbiosis 

The parasites mentioned so far obtain their food at the expense of the host 
plant and are not known to give anything in return. The food-supplying cells 
are usually killed eventually by the excessive demands of the invader, but, as 
already mentioned, certain obligate parasites, especially those that feed by haustoria 
and those that form galls, may long defer this critical period and kill only when 
the production of spores makes a culminating call on the nutritional resources of 
the host. In many cereal and grass smuts this does not happen until the ear or 
individual caryopses are developing at the end of the vegetative life of the host. 
The Ascomycete Epichloe typhina (Part II, p. 473) may go to a stage further than 
this, for it sometimes fails to fructify even when its systemically infected grass 
host has grown to maturity. The mycelium may be found in the anthers and around 
the embryo of the grass seed without necessarily destroying the pollen or preventing 
the seed from germinating. Latent infection may persist for several seasons, the 
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Fig. 85 — Mycorrhiza on roots of pine Ay roots without mycorrhiza By root covered with 
mycorrhiza (in pure culture) C, root covered with mycorrhiza (natural) Dy Ey Fy showing 
the relation between the rooting environment and the development of short roots in raised 
seedlings (after Hatch & Doak) 

plants sometimes remaining barren, sometimes producing viable seed. Ulti- 
mately the conidial stromata appear during a flowering period, which may be in 
the second or third year of growth ; up to this time no apparent injury is suffered 
by the host Perhaps the end point in this progress towards a regulated 

parasitism is marked by the endophytes which occur at times in various species 
of Lolium (rye grasses, darnel, etc.). Two of these have been found to cause 
systemic infection of the above-ground parts of the hosts, one difficult to isolate 
and remaining sterile in artificial media while the second grows readily in culture 
and produces microconidia : the former develops a dense mycelial stratum between 
the seed coat and the aleurone layer, the latter is sparser and more difficult to 
detect. Both are transmitted in the seed, from which they pass to the growing 
point of the seedling. Neither appears to cause any injury, and their presence 
in or absence from a particular plant cannot be detected without isolation or 
microscopical methods Their identity is unknown, and there is no real 
clue to the physiological relationships between the host and the parasite (if such 
terms are justified in what appears to be a perfect state of equilibrium between the 
two organisms), though there is some experimental evidence which has been 
considered to indicate that the endophyte assists in the supply of nitrogen to the 
host by fixing the nitrogen of the air 

So far all the advantages seem to lie with the parasites ; the host at best may 
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be able to escape injury to a greater or lesser degree, or perhaps, m Lolium, gain 
a little nitrogenous food by the aid of the fungus. Some higher plants, however, 
have progressed beyond this stage and have established a symbiotic partnership 
with fungi in which a mutualistic relationship is evident. As the association 
between the fungus and higher plant is chiefly evident in roots, the term ‘ mycor- 
rhiza ’ is applied to it 

The best-known mycorrhizas are those of forest trees (Fig. 85) and orchids : 
these represent the two mam types of fungus-root association, the * ectotrophic * 
and the ‘ endotrophic In the ectotrophic mycorrhizas of trees many of the fine 
lateral rootlets are enveloped in a mantle of fungal tissue which prevents growth 
in length of the rootlet, causing it to assume a swollen or coralloid form. Some of 
the hyphae usually pass down between the cells of the outer layers of the root, 
forming the so-called Hartig net (Fig. 86). The fungi concerned chiefly belong to 



Fio. 86. — ^Transverse section of a young root of Scots pine showing ectotrophic mycorrhiza forming 
a compact nuintle covering the root, with the fungus penetrating between the cells of the 
cortical tissue (the ‘ Hartig net *) (from a slide by Bond) 
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the Basidiomycetes and include many gill and pore bearing toadstools {Boletus^ 
Russula^ CortinariuSy LactariiiSy Clitocybey Trichohmay Amanitay PaxtlluSy and the 
like), but truffles (Ascomycetes) grow in mycorrhizal association with oaks and 
other trees and the systematic position of some mycorrhiza-forming fungi is 
unknown. Field mycologists are well aware of the common occurrence of par- 
ticular species of fungi under certain trees of which this is, perhaps, one explana- 
tion. The mycorrhizal association in the orchids differs widely from that of trees 
(Fig. 87). The fungi concerned are endophytes, mostly sterile Rhizoctonia 
stages of the genus Corticiunty though the honey agaric, Arrmllaria melleay forms 
mycorrhiza with the tuberous orchid Gastrodia elatOy in the East. In the Rhizo- 
ctonia type, the hyphae enter the cells of the cortex of the root, where they form 
dense coils which eventually break down into an amorphous mass. It has long 
been known that orchid seeds are difficult to germinate, and the surmounting of 
this difficulty by providing the seeds with cultures of a suitable strain of Rhizo- 
ctonia is a good example of the application of science to practice by many orchid 
specialists, who not infrequently have kept their methods as a closely guarded 



Fig. 87. — Endotrophic mycorrhiza. portion of transverse section of root of a saprophytic orchid 

{NeoUta mdus-avts) The fungus occupies the peripheral tissues, about three or four cells 
deep ; the inner cells contain starch grains B-G, cells of a saprophytic orchid (Dtpodtum 
punctatum) showing stages in digestion of the mycorrhiza-fungus. B, a normal cortical cell 
with nucleus, cytoplasm, and spherical starch grams ( x zoo). C, two cells showing early 
infection ; the hyphae are clearly associated with the host nuclei ( x 83). /), aggregation of the 
hyphae around the nucleus ( x 250). B, partial digestion of the central hyphae, and the slight 
enlargement of others around ; the nucleus enlarges and stains deeply ( x 250). B, further 
stage m the disorganisation of the fungus, nucleus enlarged ( x 250). G, almost complete 
digestion of the fungal hyphae ; starch grains are reappearing m the cell ( x 225) (after McLuckie 
Proc. Linn, N,S,W,) 
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secret. The heaths, in general, resemble 
the orchids, except that the endophytes 
belong to the genus Phoma and m some 
cases (e.g. in the common ling, Calluna vul- 
garis) occur as a sparse mycelium through- 
out the plant as far as the fruit capsules, 
whence the seed on germination may 
become naturally infected. In these two 
families and a few others similarly de- 
pendent on fungal infection for satis- 
factory germination, the seed is small and 
lacking in food reserves, so that it would 
appear that the endophytes supply some 
nutritional requirement. What this is 
is not definitely known, but the fact that 
satisfactory germination of orchid seeds 
occurs without the fungus in certain sugar 
solutions suggests that carbohydrates are 



Fig 89 — Structure of a lichen Sticta fuhgmo^a 
Transverse section of the thallus showing a 
zone (dark cells) of the blue-green alga 
Chroococcusj covered by a fungal cortex ; 
below, a medulla of loose hyphae, with a 
second cortex, and fungal rhizoids (rhizines) 
on the under side ( x 614) (after Sachs) 



hiG 88 — Vcsicular-arbuscular type of my- 
corrhiza Ay m>celmm of Rhizophagus 
sp , bearing four large terminal thick- 
V ailed vesicles, from soil around cotton 
roots ( 240) By two hyphae of same 

bearing, respectively, five and two, less 
mature vesicles with thin walls and no 
basal septum ( x 240) C, early stage in 
formation of extramatncal vesicles of 
same ( X 240) Dy a hypha of same, 
bearing one older vesicle with a basal 
septum, and others in earlier stages 
( X 240) Ey penetration of cotton root 
by a hypha from the external mycelium 
of same ( x 240) F, old hypha, with 
thickened, rigid walls, showing mode of 
entrv, with appresbonum-like swelling, 
into Abutilofi root (after Butler, Trans 
Brit M\c So( ) 

involved. In the heaths a fixation of 
atmospheric nitrogen has been attri- 
buted to the endophyte (as in Lolium), 
but the evidence for this has been 
questioned. 

There is much difficulty in account- 
ing for the physiological relationships 
between the partners in a mycorrhizal 
association (43-46) Several converging 
lines of evidence are strongly indicative 
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that it began as an attack by a parasite on the roots of a higher plant — the pre- 
valence of infection pegs and other reactions of the host, the occasional tendency 
(well known to orchid growers) for the fungus to develop destructive capabilities, 
the peculiar features of the mycorrhizal function of Armillaria mellea^ are some of 
these. The eventual reduction of the invading hyphae to a condition in which 
they are not only made harmless but actually in large part digested by the host 
cells is easily reconcilable with the view that the higher of the two partners gains 
nutritional benefits in the process. But evei. this view, which is far from easy to 
prove, has been the subject of adverse criticism, with the result that, so far at 
least as concerns forest trees and orchids, the practical man was for a time more 

universally ready to accept 



Fig. 90.— Association of alga and fungus in the lichen. Ay two 
cells of the alga Protococcus vindis invested by a germ-tube 
from a spore produced by the lichen Xanthoria parietina 
( X 960). B, two filaments of the alga Scytonema invested 
with fungal hyphae, from the lichen Stereocaulon ramulatum 
( ^ 73 o)‘ G, a chain of the alga Nostoc, one cell being 
penetrated by a hyphal branch, from the lichen Physma 
chalastanum ( x 960). D, the spherical cells of the alga 
Gtoeocapsa penetrated by fungal hyphae, from the lichen 
thallus of SynaUssa symphorea ( x 960). E, two cells of the 
alga Protococcus sp., the fungus merely investing the cells, 
from the lichen Cladonia furcata ( x 960) (after Bomet) 


it than his scientific fellows. 
Gradually, however, the 
beneficial effects of mycor- 
rhiza have gained almost 
general recognition, though 
there is still a lack of agree- 
ment as to their nature. 
The fungal partner in endo- 
trophic mycorrhiza gains 
food, often using up all the 
starch in invaded cells, but 
beyond escaping the com- 
petition of ordinary soil 
saprophytes, seems to profit 
little from its colonisation 
of the roots. The ecto- 
trophic forms seem to have 
even less chance of benefit- 
ing from the association, 
though it may be presumed 
that those of their hyphae 
that grow down between 
the host cells can absorb 
nutrient material from the 
host. There is some evi- 
dence that Boletus elegans 
gets a growth-promoting 
substance from the larch 
roots with which it forms 
mycorrhiza Aneurin 
stimulates the growth of 
several mycorrhizal fungi. 

An entirely different 
type of mycorrhizal asso- 
ciation is found in the 
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majority of annual and perennial plants, in which the cortex of the root is invaded, 
usually in limited areas behind the apical meristematic zone, by a sterile fungus 
characterised by special organs known as ‘ vesicles ’ and ‘ arbuscules ’ (Fig. 88). 
The vesicles are large thick-walled diverticula or terminal swellings on an inter- or 
intracellular mycelium, while the arbuscules are haustoria-like, finely branched 
bodies formed often in particular cortical cell layers. Fat is stored in quantity in 
the vesicles and larger hyphae and is liberated into the host cells through the 
arbuscules, which collapse into formless clumps of indigestible fungal elements. 
The fungi concerned are regarded as probably members of the Zygomycete 
family Endogonaceae and have been assigned to an imperfect genus, Rhizophagus, 
of this family It has been suggested that they may supply, with the fat, some 
accessory nutrient or growth promoting substance to the host. The last-mentioned 
type of mycorrhiza is often casual in its formation and there is little evidence 
that it meets an obligate need of the host. But, in general, there is little doubt 
that mycorrhizas are beneficial and in certain cases are of great value in securing a 
satisfactory growth. 

The lichens form the most prominent case of symbiosis in which fungi are 
concerned, though of lesser interest to the plant pathologist than those mentioned 
above ), They consist of a fungus 
and an alga living in such perfect 
association that they appear to form 
quite definite plants (Figs. 89, 90). 

The fungus hyphae surround and 
grow between the algal cells, into 
which they sometimes send haustoria ; 
they feed in part on the organic 
material which the alga builds up by 
photosynthesis from the carbon di- 
oxide of the air. The fungus in re- 
turn appears to supply water, minerals 
and possibly peptone ; it seems to 
have the best of matters, for it alone 
forms spores in most cases. 

The best-known symbiotic asso- 
ciation in which bacteria take part is 
that of the root nodule organism 
of the Leguminosae, Rhizobium or 
Pseudomonas radicicola (Figs. 91, 92). 

This is of considerable importance 
in agriculture, for many pulse crops 
will not grow well unless furnished 
with a suitable strain of the bacillus. 

The latter has the power of fixing 
atmospheric nitrogen and making it 
available to the higher plant and also 
indirectly to the soil when the crop Fig. 91.* --Bacterial nodules on roots of soya bean 
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Fig 92 — ^Transverse section of root nodule on soya bean showing vascular connection with the 
root The central part of the nodule consists of larger cells infected with bacteria (dark- 
shaded), with smaller uninfected cells amongst them , the zone of small cells surrounding the 
infected tissue is the meristematic zone to which is due the continued growth of the nodule , 
vascular strands are seen at various points outside this zone , the prominent thick-walled 
elements are fibrous cells Insets left, portion of an infected cell show'ing nucleus, and 
adijacent uninfected cells , right, bacteroids (‘* involution forms ”) from root nodules on broad 
bean {Vtcia fabd) (from slides by Bond) 


decays or is ploughed under as green manure. Strains vary m their power to do 
this ; some have been found in Great Britain that are poor nodule formers yet 
can outgrow and overcome the better types. It may well be that the association 
started in this case also as a parasitic attack by the bacillus on the root, for under 
certain conditions Pseudomonas radicicola can become parasitic (see p. 156). The 
bacillus profits by the same freedom from competition by soil saprophytes that 
is enjoyed by root parasites. 
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Chapter II 

THE LIFE-HISTORY OF PARASITIC FUNGI 


A PARASITE of the roots or stems of perennial plants or the leaves of evergreens has 
always available the food supplies requisite for its development. It may be, and 
often is, dependent on seasonal variations of activity, but is rarely put to such 
straits to tide over periods unfavourable to its existence as the forms which live 
on annuals, or on the leaves of deciduous plants. Most of the common crop pests, 
and many other parasites, have to face a period of the year when their ordinary 
supports are not available. The fungi which attack agricultural and horticultural 
crops have usually to pass through a period of about half the year in some other 
way than as active parasites of the crop concerned. The different methods by 
which this problem is solved are of considerable interest. 


The Persistence of Parasites from Year to Year 

In the powdery mildews on annual leaves, the greater part of the fungus dies 
off when the leaf withers. Later in the season, however, the perithecia often 
develop, sometimes abundantly. At this period they are immature, and with the 
ascospores undeveloped. After a time they become detached from the mycelium 
and fall to the ground, or they reach the soil with the leaves. Here internal develop- 
ment proceeds, and after some months, particularly if exposed to wet, as during 
showers, the asci mature and ripe ascospores are formed ; dew is usually in- 
adequate to promote this. The spores are ultimately set free by the rupture of 
the perithecium, and infect the growing plants. In the cereal mildew, Erysiphe 
graminisy a temperature of about 21^ C, has been found to conduce to the rapid 
maturation of the ascopores The apple scab parasite, Venturia tnaequalts, 

behaves in much the same fashion. Its perithecia can be found on fallen leaves in 
the winter, but ascospores do not appear until about March in the south of Eng- 
land and are not ready for liberation until April or May, when rain will cause 
their discharge. Apple leaves kept in moist chambers mature their perithecia 
comparatively slowly at 4° and 7° C. but the rapidity of development increases 
with rise in temperature up to about 20® C. In America, it has been found 
that the date of maturation of the spores may vary from year to year by as much 
as a month, no doubt in dependence on weather conditions during the winter, 
but in Kent it is seldom that danger from the ascospores threatens before the 
third week of April, and the date of their first discharge falls, almost always, within 
the second half of this month. Venturia^ however, is able to persist over winter 
in the mycelial condition on the shoots and bud scales of the host (Fig. 93), and 
while in the south of England the ascospores are held to be the main source of the 
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Fig 93 — Bud-scale infection Apple scab (Few/um/ 
inaequalts) A, By portions of cross-sections of 
buds of variety ‘ Bismarck ’ showing the fructi- 
fications of scab on the internal scales and on 
the axis ( x 17) (after McKay, J Dept Agrtc , 
Eire) 



first infections, in other parts of the country 
the new infections from conidia in these 
situations are stated to be usually well estab- 
lished before ascospore discharge occurs 
Perennial mycelium also exists in branches 
of pear trees affected with scab {Venturia 


Fig 94 — Six-year-old branch of pear 
showing pustules of pear scab (fVw- 
turta pinna) On the old wood the 
pustules are present at the points 
indicated by the pins , usually the 
pustules occur only on the one-year- 
old wood (photo by Dillon Weston) 


pinna) (Fig. 94), in pine trees suffering 

from blister rust (Cronartium ribicola) (Fig. 95), and in numerous trees or shrubs 


attacked by a wide range of fungi. 

Many other Ascomycetes mature their ascospores soon after the perithecia 
are formed, but these spores, aided often by the protection afforded by the wall of 
the perithecium, preserve their powers of germination for many months, even if 
exposed to considerable variations of temperature and humidity, as when cast 
into the soil. In deciduous perennials, the perithecia may lodge in crevices in 
the bark, and the spores be liberated in the following season in time to infect the 
new leaves. Many rusts and smuts, and most Peronosporaceacy are carried over 
by the prolonged germinative capacity of their perfect or other durable spore 
forms. In the onion mildew (Peronospora destmctor) (Part II, p. 697) the oospores 
usually do not germinate until several years after their formation ^*4), In spinach 
mildew {Peronospora effusa)^ (Part II, p. 691) oosporal contamination of commercial 
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seed has been found to an extent of 
one oospore to 8^ seeds, and heavily 
contaminated seed gave a severely 
mildewed crop in the next season, 
as well as after two years 
Sclerotia, chlamydospores, resting 
mycelium and even the conidia of 
some imperfect fungi (e.g. Alter- 
naria brassicae and species of 
Fusarium)y Ascomycetes, and 
smuts, can remain viable for pro- 
longed periods. 

In bunt {Tilletia caries) the 
spores, which are somewhat greasy 
and can remain viable for several 
years, remain adherent to the seed 
grain, which they reach during 
harvest, threshing, or storing, and 
are sown with the seed for the 
following season. Both parasite and 
host germinate together, and infec- 
tion takes place in the seedling 
stage. Sometimes a second method is found (Fig. 63). Under certain conditions 
bunt spores survive in the soil for a considerable time and then germinate to form 
sporidia and secondary sporidia during a period of saprophytic life. If this co- 
incides with the sowing of the new wheat, or if the field be manured with con- 
taminated manure containing active sporidia, infection may occur. Many facultative 
parasites and facultative saprophytes owe their persistence largely to their power 
of passing a more or less prolonged period as saprophytes in the soil, or plant 
debris, or manure, until a new food crop is available. Indeed, were it not for the 
effect of the antagonistic competition of the normal soil saprophytes (see p. 171), 
the growing of healthy crops might be rendered difficult on account of this power 
possessed by many parasites of maintaining their life on non-living soil or organic 
nutrients. 

The loose smuts of cereals differ widely from the above fungi in that they can 
persist from one season to the next in the mycelial condition in the grain (caryopses) 
of the host plants. In some of them the spores fall on the recently opened flowers, 
germinate, and the germ-tube grows into a mycelium which remains in or on the 
grain in a dormant condition until it is sown, when it resumes activity (Figs. 
I2i,c, f; 206 e). In wheat and barley the embryo can be penetrated and the 
fungus passes from it, up within the seedling ; in oats the seedling is infected 
as, or after, it emerges from the caryopsis. Other similar methods of carrying 
over until the following season are known in several families of the fungi. In 
the bean anthracnose {Colletotrichum lindemuthianum) (Part II, p. 603) the beans 
become infected through the pod but, if the attack be mild, are not much injured 
and will germinate in the ordinary course when sown ; the fungus grows into 



Fig 95. — Perennial mycelium of ‘ blister rust ’ {Cronar- 
ttum nbicola) in stem of pine. The fungus passes 
between the cells of the medullary rays into 
which It sends haustoria, and penetrates also into 
the cambium and phloem ( ^330) (after Colley, 
y. Agrtc. Res ) 
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the young seedling and reproduces 
the disease in the new crop. Some 
bacterial diseases, such as bean 
blight {Pseudomonas phaseolicola) 
(Part II, p. 596), and black arm of 
cotton {Xanthomonas malvacearum), 
can also persist through internal 
infection of the seed. It has been 
established also that mycelium of 
Epichloe typhina is present in seed 
of F'estuca rubra (Figs. 96, 239 b), and 
probably occurs also in F, ovina and 
Poa bulbosa ; it is reported that Poa 
bulbosa may also carry mycelium in 
all the bulbils \ In potato blight 
the fungus which remains dormant 
in the tubers can sometimes give 
rise to diseased shoots when they 
sprout (Fig. 97). Several other 
members of the Peronosporaceae 
persist as perennial mycelium with- 
in the host ; in the onion mildew 
(Fig, 329), the primary infection is 
frequently due to internal mycelium 
from the bulbs. The downy mil- 
dew of the hop {Pseudoperonospora 
humuli) (Part II, p. 879) survives in 
the root-stock from which intern- 
ally infected spike-like shoots are 
produced in the spring and bear the 
spores which disseminate the disease 
each year (Fig. 98). In woody 
plants the fungi which produce 



Fio. 96. — Epichloe typhina. the fungus in the leaf 
of Festtua rubra. jB, part of shoot of Aloptcurus 
pratensis showing the mycelium emerging from 
the leaf. C, the fungus in the ovary of F. rubra ; 
the aleurone layer on the left is stippled ( 330 

(after K. Sampson, Trans. Brit. Myc. Soc.) 


witches’ brooms (Fig. 99) possess perennial mycelium. In peach leaf curl, the 
parasite Taphrina deformans (Part II, p. 770) is said to have perennial mycelium in 
the branches, which occasionally serves to infect the newly opened leaves in the 
spring. The majority of the new infections, however, come from conidia which 
have over-wintered on the bud scales and twigs, and the most recent work (based 
largely on evidence from spraying experiments) goes to show that perennial 
mycelium does not usually occur and that either the ascospores or their derived 
conidia are responsible for the continuance of this disease ^^2)^ Many other 
instances of the occurrence of perennial mycelium are known, as in horse-radish, 
HelleboruSy Ranunculus ^ Vida^ for Peronosporaceae \ Euphorbia, Anemone, for rusts; 
Scilla, Lychnis, for smuts. Among ectophytes several of the powdery mildews, e.g. 
those of apple (Fig. 337), Eumymus and vine, persist as dormant mycelium in the 
bud scales and on perennial parts of the plant. Where internal mycelium is 
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present in shoots or branches it is 
' obvious that propagation by cut- 

tings offers another means for 
continuance of disease ; this ap- 
plies in several cases and Epichloe 
typhina may be cited again, as 
an example of transmission by 
divided propagants of its grass 
» hosts. 

Plants harbouring a perennial 
internal mycelium, as well as those 
which are infected in the seedling 
stage and retain the parasite within 
their tissues during their lifetime 
(as many of the smuts), are said to 
be ‘ systemically ' infected. 

Another interesting group of 
cases is that in which the normal 
‘ incubation ' period of the para- 

' site, between infection and spore 

Fig 97 - Potato tuber in which the fungus of potato formation, is prolonged as a result 
blight (Phytophthora tnfestans) hai^ apparently re- r r it 

mained dormant, giving rise to a blighted sprout unfavourable conditions of tem- 

(after Alcock & McIntosh, .4/)/). Bio/ ) perature, nutrition and so forth. 

The mycelium passes into a con- 
dition of suspended activity but is not killed, as its subsequent development, 
when conditions become more favourable, proves (rusts of cereals, hollyhock, 
etc.). The term ‘ hibernating mycelium ' is sometimes used to describe this, 
but is obviously a misnomer in the tropics where the unfavourable conditions 
are more usually in the hot season. An exceptional form of this type of delayed 
activity occurs in some parasites, especially parasites of fruit belonging to the 
closely allied genera Gloeosporiutn and Colletotrichum, where the infection hypha 
from an appressorium penetrates the cuticle of the young fruit but its further 
passage is delayed until the fruit ripens. In the banana anthracnose caused 
by Gloeosporium mtisarum, the penetrating thread forms a small hyphal knot 
between the cuticle and the outer wall of the underlying cell, and since these 
knots have been produced by inoculation of the young fruit, whereas the anthrac- 
nose spots do not develop until the fruit is nearly ripe, it may be taken as highly 
probable that delayed infection results from them. A similar course of events 
has been postulated in infection of papaw and mango by allied fungi, and in all 
these cases the control of infection by spraying has proved impracticable 
Even when the fungus is one that enters through stomata, as in the infection of 
young fruit of Avocado pear by Dothiorella gregaria^ a latent period may follow 
before the hyphae invade the underlying tissues, as these begin to soften 

Many parasites are capable of living on more than one host plant, sometimes 
on a large number belonging to several different natural orders (e.g. Sckrotinia 
scleroHorum^ Botrytis cinerea^ and species of Pythiuniy Rhizoctonia^ etc.). This, 
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naturally, may enable them to re- 
main active throughout the year. 
A special type of this aptitude is 
known as heteroecism. 

Heteroecism 

In some of the parasites which 
attack different plants, especially 
those that are widely separated in 
botanical classification, the fungus 
assumes a different form on the 
separate hosts, and passes one 
phase of its full life-cycle on the 
first plant attacked and another 
phase on the second ; it thus re- 
quires both hosts for the comple- 
tion of its full development. To 
this the term ‘ heteroecism ’ is 
applied. Heteroecious fungi occur 
almost entirely among the rusts, 
the only other known instances 
being two members of the Ascomy- 
cete genus Sclerotiniay S, heteroica 
and S, rhododendri, and in these 
the two alternate host plants in- 
volved are botanically related 

The most familiar instance of 
heteroecism occurs in the black 
rust of wheat. The destructive 
parasite passes the first part of 
its life on certain barberries, the 
second on wheat and other cereals 
and grasses. It never progresses 
on the barberry beyond the aecidial 
stage and the aecidiospores borne 
on the barberry cannot infect the 
same host. About seventy-five 
years ago, however, it was dis- 
covered that these aecidiospores 
could infect wheat and other 
Gramineae, and on these hosts 



Fig. 98. — Perennial mycelium of downy mildew of the 
hop. Ay section of a nursery set from a cutting 
planted in 1923, and examined on Nov. ii, 1925. 
The mycelium {Pseudoperonospora humuli) is shown 
by the small lettervS / in the bast and cortex of 
the older parts, and also in the swollen base of the 
1925 growth ; in addition, it was present in the 
roots. By diagrammatic outline of a longitudinal 
section of apical bud of a shoot (bine), with a 
terminal ‘ spike ’, at about 7 ft. from the ground ; 
mycelium again marked / ; from here, hyphae were 
traced downwards to a distance of 39 cm. in the 
bine (slightly adapted, by permission of Ware, 
Trans. Brit. Myc. Soc.) 


produced the long-known black rust, the uredo-teleuto stages of Puccinia 
graminis. On germinating the teleutospores it was found that the resulting 
sporidia were unable to attack the cereal or grass host on which they had 
been formed, but infected barberry leaves readily, giving the spermagonia and 
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Fig. 99 — Cacao (Trinidad, B.W I ) A, branches showinj< witches’ broom caused by Marasmtus 
permaoiiUS. B, showing the small sporophores of the fungus (photos by permission of 
Wiltshire) 


aecidia of barberry rust. The cycle was therefore complete ; two of the spore 
forms, one of which represents the haploid gametophytic fructification (see p. 344), 
are borne on the barberry ; two on the wheat or other grass ; and one — the 
sporidium — is developed at the expense of the reserve food stored in the teleuto- 
spore. 

In Sclerotinia heteroica the cycle is somewhat simpler. On one host, Ledum 
palustre, sclerotia are found in the fruit and develop, after a period of rest, into 
the apothecia of the ascigerous stage. The ascospores, however, cannot infect 
Ledum, but for their further development must reach the shoots of a different 
plant, Vaccinium uliginosum. On this they produce a conidial stage, differing 
widely from the ascigerous form. The conidia are again unable to infect the host 
on which they arise, but if sown on the stigma of a Ledum flower, germinate, 
pass down to the ovary and reproduce the sclerotia ; there are only the two spore 
forms, each on a different host. 

Heteroecism in the rusts always follows in regular sequence ; the aecidial 
stage is passed on the one host and the uredo-teleuto stage (or sometimes the 
teleuto only, the uredo being dropped) on the other. It is probable that originally 
the fungus lived its whole life on one plant and later took to the habit of spending 
part of its life on a second. How this arose, however, is obscure, though attempts 
to account for it are not wanting. 

If the heteroecious fungi were always obliged to go through their whole cycle 
of development, it is clear that they would only continue to exist as long as both 
hosts were available ; it would then be possible, for instance, to eliminate the 
cereal black rust by destroying the barberry. Unfortunately, this is not the case, 
for it has been found that the alternation of hosts is by no means essential to the 
life of the fungus. Black rust has been prevalent in Australia for over 140 years, 
though the aecidial stage was only seen for the first time in nature there in 1933 <33). 
So also in India the aecidial stage, found only in the Himalayas, cannot be con- 
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nected with the commonly prevalent black rust of wheat in the central part of the 
country. Nevertheless, there are many areas where barberry eradication has 
greatly reduced the injury caused by black rust (see below, p. 225). 

Outside the fungi, this peculiar habit of changing hosts is of still greater interest, 
owing to its connection with certain human diseases. Malaria, for instance, is 
due to a heteroecious animal parasite which passes one stage of its life in some 
mosquitoes and another in man. 

Specialisation of Parasitism 

Amongst those fungi which are capable of attacking several different species 
of plants many have developed into distinct races, each of which, though out- 
wardly similar to the others, is restricted to one, or a few only, of the host plants. 
A special species of fungus, such as Puccinia graminisy may include a number of 
these races, similar in structure and not to be distinguished from one another in 
any other way than by their capacity for living on certain hosts Furthermore, 
since a single species of host plant may comprise a number of varieties, especially 
if it be an economically important plant that has been subjected to breeding and 
selection, there may be several, or even many, different races of the parasite on 
one species of host, differentiated by their capacity to attack particular varieties 
more or less severely than others. The difference between them is in physio- 
logical characters, not in characters usually recognised in botanical classification, 
so that there may be several or many physiological varieties or forms within the 
one botanical (morphological) species. To this splitting of a parasite into special- 
ised races on different host plants the term ‘ specialisation of parasitism ’ is applied. 
The races are now known as ‘ physiologic races \ In certain rusts, mildews, and 
other fungi, the specialised races may be grouped into a smaller number of groups 
possessing slight but constant morphological differences from one another. With 
some of these it has been found convenient to regard each of these groups as a 
sub-species of the fungus. A tr inomial nomenclature has become a common 
usage with some economically important parasites in order to define the sub- 
species concerned, while within the sub-species the physiologic forms of which 
it is composed are given numbers. Thus Puccinia graminis tritici ‘ 56 ' refers to 
physiologic race No. 56 of sub-species tritici (so named because wheat is its most 
important host) of Puccinia graminis. 

These various races of rust are not morphologically distinct but physiologically 
they are, because they produce different effects on certain cereal hosts. They are 
distinguished by the degree of spotting which they produce when severally inocu- 
lated into seedling leaves of twelve selected standard wheat varieties ; five oat 
varieties are used for differentiating between the races of P, graminis on oat, and 
also five for the rust on rye ; these cereal hosts are known as ‘ differential hosts ’ 
(Fig. 100). The inoculations are carried out with uredospores, sprayed on to the 
foliage leaves. According to the degree of spotting produced, each type of infec- 
tion is indicated by one of six symbols, thus : 

Type o— very faint, light flecks ; host therefore considered immune. 

,, I — uredosori very minute ; host strongly resistant. 
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Type 2 — uredosori small to medium ; host resistant. 

,, 3- uredosori medium size ; host moderately susceptible. 

,, 4 — uredosori large and confluent ; host very susceptible. 

,, X — a ‘ mixed ’ reaction ; uredosori of variable size, mostly 

those of I and 4. 

In addition, a ‘ plus * or a ‘ minus ’ sign, or two pluses or two minuses, are 
included to indicate variations of a slightly greater or slightly less susceptibility, 
respectively, than that represented by the infection type shown in the table. A 
double plus or a double minus denotes a slightly greater departure than the 
single plus or minus. The following table shows some actual results, the names 
indicated being those commonly applied to the twelve diflterential strains of 
standard wheat specially chosen for this purpose : 
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Every degree of transition may be found between those parasites which freely 
infect all their hosts, through those that attack other hosts less readily than the 
one from which they are taken (e.g. Rhizoctonia)^ to those which are narrowly 
specialised on a single host (e.g. Urophlyctis alfalfae (Part II, p. 452) on lucerne). 
Evidently the adaptability of the parasites to their hosts varies greatly in different 
fungi and is sometimes exceedingly close. Whole genera of fungi are known 
that are confined to a single family of plants, as the Phragmidium rusts to the 
Rosaceae, Less frequently a single species of fungus is restricted to a single genus 
of host (as the uredo-teleuto stage of Puccinia anomala (Part II, p. 430) on Hordeum), 
or to a few allied genera, as the potato-blight fungus {Phytophthora infestans). 
There is nothing surprising, therefore, in finding a tendency amongst those fungi 
that attack many hosts to split into races, each specially adapted to life on a single 
one or a few of them. Chemical heterogeneity of the hosts is probably the reason 
for this. 

Specialisation of parasitism is strongly marked in many rusts and mildews 
(both Peronosporaceae and Erysiphaceae). It is also very evident in the Chytri- 
dimeae^ Ascomycetes such as ProtomyceSy ExoascuSy Claviceps and EpichloBy smuts, 
Basididmycetes {Corticium) and Deuteromycetes {Colletotrichuniy and several 
other genera). 

Specialisation has been very fully investigated in the rust and mildew of the 
commoner cereals Wheat, barley, and oats have each their distinct races 

of rust and mildew. The black rust of wheat will not attack oats, nor that from 
oajta»3vhj^t,i under natural conditions ; successful infection of oats has been effected 
however, when spores from wheat were applied to young, rapidly growing tissues 
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in the laboratory. The races which occur on the cereals may, in certain cases, 
attack various grasses ; Puccinia graminis tritici has been found on some 25 species 
of grasses and P. graminis avenue on nearly as many, some species being sus- 
ceptible to both sub-species of the rust. Grass hosts can sometimes be implicated 
in the persistence of a cereal rust from one season to the next. 

The cereal rusts are heteroecious. In none is the aecidial stage produced on 
the crop attacked. So long as the fungus reproduces itself by means of the uredo- 
spores, it breeds true except for the occasional appearance of a mutation or salta- 
tion, about which more will be said below. On the alternate hosts (barberry, 
buckthorn, and so forth) the sexual stage of the fungus is developed, and this 
gives an opportunity for the mixing of the nectar, bearing spermatia, produced by 
spermagonia arising from different sporidial infections. In this way, different 
physiologic races can hybridise, and the result will be a ‘ form ’ which is hetero- 
zygous in respect of the character of physiological specialisation. If a hetero- 
zygous physiologic race on a cereal or grass passes again on to its alternate host, an 
opportunity for segregation is given, and forms that are new to the locality may arise^ 
A case of the sort is reported from Australia, where the relatively small number 
of physiologic races of Puccinia graminis that were known there up to 1934 had 
probably been, for the most part, introduced from other countries. In 1933 the 
heterozygous P. graminis tritici ^ 34 ^ was found on barberries, and evidently had 
reached them from the grass Agropyron scabrum, which was infected with race ‘ 34 ' 
of the rust, in close proximity. ) In the following year, race ‘ ii,^ not previously 
known in Australia, was found in the neighbourhood, and it has subsequently 
been reported on the wl>eat in several districts. Race ‘ 1 1 ’ is known to be one of 
the segregates from ‘ 34,’ and it can scarcely be doubted that it arose as a result 
of the passage of ‘ 34 ^ from Agropyron to barberry In the barley rust, 

P. anomala, two of the races, ‘ 12 ' and ‘ 13,' occurring naturally at Cambridge, are 
heterozygous ; self-fertilised material of the aecidial stage on the alternate host 
Ornithogalum umhellatum, gave, from ‘12,’ four races not previously recorded, and 
from ‘13,’ two. Both also produced some already known races 7 'his faculty 
of producing, by segregation, new physiologic races in an area is an additional 
and very strong argument in favour of the eradication of the alternate host of 
destructive heteroecious rusts. It is noticeable that in countries like Australia, 
India, and Kenya, where barberries play little or no part in the life-history of 
Puccinia graminis^ the number of physiologic races is much less than in Europe or 
North America where barberries are, or have been, numerous. There are over 
200 known physiologic races of P. graminis tritici, but up to 1939 only nine of 
these had been found in Australia, and still fewer in India (six) and Kenya (five). 
A sixth was added in Kenya in 1940. 

y In the other cereal rusts, the number of physiologic races hitherto distin- 
guished is less than in P. graminis. There are about 90 of P. triticina, about 40 
of P. coronatUy and about 30 each of P. glumarum and P. anomala. These enumera- 
tions, however, are a little unreal, for they are based on the reaction to infection by 
the rust in question of an arbitrarily selected standard collection of varieties of its 
host, as above mentioned for wheat, and it has sometimes been found possible to 
split a particular race into two by adding a new host variety to the collection. The 
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tests, too, are not always made under standard conditions of environment, and it 
is now known that differences in temperature and light may produce changes in 
the reaction of a test variety of the host to a particular race of the rust. J 

The cereal mildew, Erysiphe graminis^ is rather more strongly specialised than 
Puccinia graminisy for the physiologic races on wheat (of which several are known) 
will ordinarily only infect species of Triticumy those on barley, species of Hordeuniy 
and those on oats, species of Avena. An exception to this is the susceptibility 
of young plants of Hordeum sylvaticum to mildew from wheat, while resisting 
infection from barley. As usual with specialised parasites, the physiologic races 
differ from one another in their powers of attack, and the different species and 
varieties of the host are not all equally attacked by any one form of the fungus. In 
several of the Erysiphaceae a reduced type of infection occurs on some of the 
susceptible hosts which are not readily attacked, and may show a prolonged 
incubation period and yield few spores. A distinction has also been drawn between 
full infections and sub-infections, the latter term being applied to infections on hosts 
not habitually attacked by the fungus and also to infections artificially produced on 
otherwise immune plants after wounding, or scorching, or the application of 
narcotics. By the latter treatment the reaction of potato tubers resistant to blight 
could be retarded so that a susceptible reaction was obtained, this reaction being 
one of speed of production of a substance toxic to the fungus. It has been found that 
E, graminis from wheat will infect barley leaves that have been touched by a hot 
knife, or near where a piece of leaf has been removed or gnawed by slugs, or where 
bruised by hail or in rolling the crop. Attack by green fly may have a similar 
effect. If exposed to the vapour of ether, chloroform, or alcohol, the whole leaf 
may become susceptible in such cases the defensive mechanism, which acts 
by preventing full penetration of the epidermal cells by the haustoria of the fungus, 
is unable to function and successful entry by some haustoria is effected. A sub- 
infection has been observed to change into a full infection towards the end of the 
vegetative period of the host, presumably because the defences of the plant are 
too much weakened to arrest the activity of the haustoria, or chemical changes 
have occurred in the host cells which make them more receptive to the parasite. 
The total infection by Ustilago zeae in place of its usual localised attacks in maize 
plants exposed to the vapour of ether, or heated to 70° C., may be due to changes 
in the host cell walls, or cell contents. 

Specialisation of parasitism is almost as strongly marked in some smuts of 
cereals as in the rusts and mildews, but in others, such as Ustilago zeaCy it is less 
evident. In this group, as in the rusts, the sexual process may play a part in the 
production of iTew“faces. Thus at Halle, in Germany, crosses between sporidia 
of physiologic races of Ustilago avenae gave segregated forms that had very different 
powers of parasitic attack on particular varieties of oats from those possessed by 
the parents 

As a general rule, the infective powers of a specialised race are identical in all 
its spore forms. Thus in physiologic races of Puccinia graminis that are homozygous 
for their parasitic character, the aecidial form on the barberry has the same special- 
isation as the uredo-teleuto stage on cereals, unless crossing with another race, 
or saltation (which will be referred to below) occurs. In Erysiphe graminis also, 

D2 
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the conidia and ascospores have the same host range and this is true likewise for 
the five races of Claviceps purpurea. 

In a general way the physiologic races of a specialised parasite are quite stable. 
It is true that the range and degree of their parasitism may fluctuate underjem- 
porary conditions of environment or nutrition, but such fluctuations do not be^me 
permanent. In most cases they appear to be due to factors which act by influencing 
the receptivity of the host rather than the parasitic powers or aggressiveness of 
the fungus. Thus, in the extension of the hc«t range of forms of the Erysiphaceae 
mentioned above as having been caused by wounding or narcotising an ordinarily 
unsuitable host plant, it is the host and not the parasite that is modified. A leaf 
partly eaten by slugs sometimes becomes susceptible near the bitten edges to a 
fungus which it resists when undamaged. Frost, hail, and the like may act in the 
same way, just as they can enhance the injury caused by weak parasites like 
Botrytis^ which is often most destructive after frost, or Coniothyrium diplodiella 
which may do so much damage to grapes after hail storms that it is sometimes 
known as the ‘ hail disease \ Even the agricultural operation of rolling the crop 
may temporarily alter the resistance of the bruised leaves. High fertilisation 
has also been found to affect the susceptibility of cereal varieties to physiologic 
races of rust. It was shown in Germany that extensive modifications of the 
reaction of the standard test collection of wheat varieties — used to identify physio- 
logic race ‘ 14 ’ of Puccinia triticina and races ‘ 4 ’ and ‘ 7 ' of P. glumarum — could 
be induced by drastic modifications in the nitrogen and potash supplied 

In these examples the resistance of the host is modified, but the spores borne,- 
for instance, on an injured part remain incapable of infecting sound tissue on the 
plant. It has not hitherto been found possible to ‘ educate ' a true parasite by any 
artificial means into attacking the perfectly sound tissues of a host that is normally 
immune from it. Prolonged experiments have shown that the propagation of 
wheat bunt or rust on varieties that have considerable resistance to the physiologic 
forms tested, does not alter their pathogenicity in any way. Similarly, Erysiphe 
graminis tritici has been cultivated in wounds on the leaves of barley for 128 
clone generations, without showing the least sign of adaptation to this host. The 
cases to the contrary that have been reported are better explained by automatic 
selection, in a mixed population of the parasite placed on a refractory host, of 
those units of the population to which the plant is susceptible. The possibility 
also that saltation may account for some of these reports cannot be excluded. It 
has even been suggested that the now abandoned view — that certain host plants 
can act as ‘ bridging species * in that, by growing the parasite on them for a time, 
it then becomes capable of infecting plants normally immune — may have a certain 
basis of truth if it is assumed that the ‘ bridging species ’ has the faculty of inducing 
saltations capable of extended parasitism 

Saltation 

The term saltation is applied to an abrupt change in the morphological char- 
acters of the whole, or more usually of a part, of the thallus of a fungus which up 
to then had followed the general rule that like gives rise to like in the successive 
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Fio. loi. — Saltation in colonies of Penicillium notatum (the fungus which yields penicillin) showing 
natural variation in culture. Ay By C, show light, mycelial sectors and dark, sporulatmg 
sectors of various shapes. £>, a normal colony showing sectors of varied appearance (photo by 
Hutchinson) 

vegetative or asexual spore generations of a species. As will be seen, there is 
reason to believe that saltation may' similarly produce abrupt changes in physio- 
logical characters, but these are usually much more difficult to observe. Saltation 
is generally visible in artificial cultures of fungi (Fig. loi), not because there is 
any bar to its occurrence in their natural life, but because it is much less likely 
to be noticed when the fungus is growing in its natural site, usually accompanied 
by others, than when it is in pure culture in a test tube or petri dish. In culture, 
the new modification generally appears as a sector in an otherwise homogeneous 
growth, and if the culture has been kept free from contamination and is the product 
of a sin^e spore or piece of hypha, the change is likely to be quickly noticed, 
Saltants may differ from the parent strain in such characters as rate of growth ; 
extent of sporing and sometimes of chlamydospore and sclerotium formation ; 



96 GENERAL PRINCIPLES pt. i 

length, breadth, shape, and septation of the conidia ; density, colour, and zonation 
in the mycelium. Some of these characters may be linked or antagonistic, albinism 
with sterility, or copious formation of aerial mycelium with scanty sporing. 

The change that occurs is often permanent in successive vegetative or conidial 
generations. It has, thus, a certain similarity to mutation in higher plants. It is, 
indeed, quite likely that some saltations are mutations ; others, however, are 
probably not connected with chromosomal or gene changes, and the term saltation 
has the advantage that it is non-committal as to the origin of the new strain. Some- 
times saltation may be the result of segregation in hybrid strains ; it has indeed 
been suggested that most saltations can be ascribed to a heterozygous constitution 
of the parent mycelium and that, even where there have been no nuclear fusions, 
vegetative anastomoses may lead to a condition of heterocaryosis due to the 
presence of nuclei of different origins in the one cell. It is known that the presence 
of the paired nuclei in the dikaryophytic mycelium of the Basidiomycetes can 
affect such characters as the rate of growth of the hyphae and the like. But there 
are many cases of saltants first appearing after many successive culture genera- 
tions of the fungus have been grown, and of their production as a result of irradia- 
tion (X-ray and radium) (Fig. 102), chemical treatment (zinc sulphate, the sodium 
salt of salicylanilide), high temperature, and so forth, that are difficult to ascribe 



Fig. 102. — Saltation and irradiation. Colonies of Pemcillium notatum showing sectors. A, a 
spontaneous sector. B, irradiated colony showing mutant sectors of different shapes. C, two 
separate colonies with different growth-rates meet and compete for the same territory. B-F, 
imitation of various types of sectors, by inocula of two strains, with equal (B, F) and different 
(D) growth-rates (after Pontecorvo Ss Gemmell, Nature, 39i3» *944) 
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to heterozygosity The frequently observed fact that a young mycelium 

is more likely to show saltation than one that is older, is also not in accordance with 
expectation on this view. At the same time, it is known in some cases that the 
parent characters may mask the presence of those of a saltant in the mycelium. 
In a strain of Diaporthe perniciosa (which always developed a masked saltant 
revealed on sub-culturing, at a certain stage of its growth) small pieces of the 
hyphae were removed and separately cultured ; for the first few days of growth 
the pieces all gave the parent form, but those removed later grew into the saltant 
form ; as the colony extended, the part yielding the saltant remained at a fixed 
distance behind the growing margin, until growth ceased when the whole colony 
produced the saltant. Furthermore, when the saltant was brought into contact 
with the parent strain, anastomoses occurred and the saltant was reconverted 
into the dominant parent type. So also when the fusion cells, produced when 
hyphae of two saltant strains of species of Ftisarium, and of Helminthosporium 
anastomosed, were isolated and grown, they yielded forms that were neither new 
nor intermediate, but resembled one or other of the parents, or were a mixture 
of the two. When no mixture resulted, it was suggested that some form of domin- 
ance of one or other of the parents in each fusion product was involved. Such 
cases show a certain resemblance to the phenomenon of dominance in a hybrid 
strain, and if dominance can occur, some apparent saltations may be the result 
of segregation. 

Saltation is much influenced by nutrition, so much so that it has been con- 
sidered to be a function of the medium in which the fungus is grown. It is favoured 
by media rich in nutrients (e.g. Richards' solution), by high concentrations of 
salts, and by absence of staling products. Several cases have been reported in 
which two saltants, each of which grown separately is either infertile or sparingly 
fertile, when grown so that their colonies meet, produce spores copiously along 
the margin of contact. When these spores are asexual, as in the pycnidia of 
Cytospora ludibunduy there can be no question of the union of different sexes 
being involved, and the suggestion has been made that nutritive heterothallism 
may explain the result, each strain being able to absorb a part only of the nutrients, 
required for the formation of the fruit bodies. 

Sometimes saltation is progressive, a first saltant giving rise to a second, 
and so on. Occasionally, one strain regularly gives rise to the same saltant in 
each culture generation of the parent. This has been observed, for instance, in 
Coniothyrium pirinum^ in which the saltant remained stable in succeeding genera- 
tions, and in Diaporthe perniciosa in which the saltant sometimes gave the parent 
form again. The last condition has been called cyclic saltation, and has been 
reported several times. Some strains of Monotospora lanuginosa give regularly 
cyclic saltants, while in others the saltant seems to be permanent A saltant 
in a species of Alternaria differed so much from the parent as to be referable to 
the genus Stemphylium, and the StemphyliumAorm again gave the Alternaria, 
In such cases the process which leads to saltation is evidently reversible. 

Saltation may be detectable immediately on the germination of the spore. 
Whether, when this occurs, it is due to a change in the spore, or just before its 
formation, or after the germ-tube grows out, is difficult to establish. Different 
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spores from a single pycnidium may give.rise to different strains, some permanent, 
others not. Sub-cultures from each of the eight ascospores in an ascus of Gibbetella 
zeae gave variants which occurred haphazard and did not appear to be due to 
orderly segregations in the ascus. The variants differed in their rate and type of 
growth and in pathogenicity Similarly, a culture made from a single ascospore 
of Diaporthe perniciosa gave four sectors which appeared to start from the neigh- 
bourhood of the spore ; three of these again gave the parent form, the other 
persisted as a new form. Cultures made from different hyphal tips of the same 
germinating conidium of Helminthosporium gratnineutn differed in cultural characters 
and pathogenicity. It appears, therefore, that even an asexual spore may carry 
factors producing different types of progeny 

It appears probable that under the general term saltation, in fungi, several 
distinct processes arc included. Some may be genetic and resemble mutations 
in higher plants, or be merely the result of segregation in hybrid strains. Others 
appear to be somatic and to be analogous to bud variation in higher plants. Others 
again may be primarily nutritional or due to the action of high temperature, 
chemicals or radiation on the nuclear constitution, or on the cytoplasm. This 
action must be deep-seated and it seems difficult to find any single explanation 
that will fit all the cases of permanent modifications that have been described. 

The importance of saltation in plant pathology is connected with the evidence 
that the differences between saltant and parent in physiological characters, such 
as rate of growth and pigment formation, may extend to their parasitic properties. 
This has been fully established on several occasions Thus, of thirteen saltants 
of Helminthosporium sativum the pathogenicity of which was tested on wheat and 
barley, two proved to be more virulent than the parent strain, while three were 
less so So also in a single unisexual monosporidial line of Ustilago zeae^ 
several saltants occurring as sectors in the colonies differed from the parent and 
from one another in pathogenicity, and these differences were maintained in 
successive sub-cultures for several years It is not infrequent to find colour 
variations due to saltation in the uredosori of rusts, and these are sometimes linked 
with new pathogenic properties. Thus, orange pustules appeared among the 
brown in some inoculations on barley of physiologic race ‘ 14 ’ of Puccinia anomaluy 
found in Cumberland. These bred true in successive uredo generations, and when 
their pathogenicity was tried on a series of test barleys, they proved to belong to a 
hitherto undescribed physiologic race ; on some barley varieties severely attacked 
by the parent form, the new form produced no sori, and on one or two it was some- 
what more virulent than the parent Similarly, physiologic race ‘ 33 ’ of Puccinia 
caronata on oats apparently arose as a saltant from race ‘ i * Extensive varia- 
tions in pathogenicity have been found in some of the weakly parasitic fungi that 
attacked stored apples ; in numerous saltants of Cytospora ludibunda the most 
aggressive form, as judged by the rate of advance of the mycelium in apple tissues, 
was more than four times more virulent than the parent, and more than thirty 
times more so than the weakest saltant. In similar work with Fusarium fructi- 
genum no saltant was more virulent than the parent, but several were weaker ; 
of two strongly contrasting saltants, one with a copious aerial mycelium and few 
spores, and the other a low-growing, sporing type, the action of the former in 
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rotting apples was much stronger than that of the latter. In some of these fruit 
parasites the saltant was either equal to, or more or less virulent than the parent 
according to the variety of the host on which it was tried. Age of the fruit also 
alfected the relative virulence of the strains. 

The significance of these facts in the occurrence of disease — in nature, and in 
the efforts to control it by breeding resistant varieties of crops — is obvious. Sal- 
tation may produce a strain of an ordinarily weak parasite with such enhanced 
virulence that an epidemic outbreak follows. If this occurs, it is probably rare, but 
it is a possibility that cannot be discarded in seeking to explain such outbreaks as 
that of the withertip disease of limes which destroyed the lime fruit industry in 
the island of Dominica in 1922, though the fungus responsible was morphologically 
indistinguishable from Colletotrichum gloeosporioides, a common but rarely serious 
parasite of citrus trees in most countries where they are grown. 

Still more serious, however, may be the production of a new physiologic 
race of a fungus such as one of the cereal rusts, against which resistance has been 
secured by breeding and selection. The new form may render this work nugatory 
and compel a further effort to secure resistance against it. Fortunately, here 
again, such a contingency appears to be rare except where the new form is merely 
the result of segregation in a hybrid strain, but the collapse of the resistance 
to the wilt caused by Fusarium niveum of certain improved watermelon varieties 
in the United States has been ascribed to it ^^6)^ What is much more frequent is 
an increase in the prevalence of a previously uncommon race ; the effect may be 
the same, and indeed may be a consequence of the increased cultivation of host 
varieties resistant to the older races. 

Bacterial variants have also been described, though there is no certainty that 
the processes involved are analogous to those that cause saltation in fungi. The 
most common change is from a smooth to a rough type of growth or vice versa, 
and this morphological change may be accompanied by changes in pathogenicity. 
Thus the smooth colony strain of Pseudomonas phaseolicola was more virulent to 
beans and also more sensitive to the action of a bacteriophage than the rough 
colony form, in studies of the two forms carried out in Australia Sectorial 
variants differing from the parent colony in being white instead of yellow, are 
known in single-cell cultures of Xanthomonas stewarti and may remain perma- 
nent on sub-culturing, or in the host, or they may revert to the yellow type < 7 ^. 
In this organism saltation or mutation affecting colony characters, colour, and 
virulence seems to be common. Passage through susceptible varieties of maize 
increases the number of colonies of low virulence obtained by subsequent sub- 
culturing, while virulent types predominate after passage through resistant 
varieties. The variants obtained in cultures from single cells may be more or 
less virulent than the parent, and the evidence suggests that when resistant seed- 
lings are inoculated the proportion of virulent bacteria increases by selection 
within the plant <^3). 

Parasitism of Different Stages in the Life-History 

In very many fungi active parasitism is confined to the earlier part of the life- 
history ; the later stages, particularly the development of the ‘ perfect ’ spore 
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form, occur only after the tissues of the host plant have been killed. Thus, in 
many Peronosporaceae and Ascomycetes the oospores, or the perithecia, only 
appear in or on dead parts and are nourished saprophytically either from the dead 
organic matter of the host cells or, more probably, from reserves stored up in the 
mycelium during its period of active parasitism. The perfect stage, Corticium 
solaniy of the ubiquitous Rhizoctonia solaniy differs from these in that it is only 
found on healthy green parts of plants ; but still it behaves as a saprophyte, 
causing no injury to the parts on which it grows, using them only for support. In 
marked contrast to these are the cases where the gametophytic stage is not para- 
sitic. In the peach leaf curl fungus Taphrina deformans (Fig. 367) the yeast-like 
haploid generation may be prolonged as a saprophyte on the buds and other 
superficial parts of the tree until a cool wet spell occurs in the spring, when the 
parasitic sporophytic stage develops ^^2)^ In some of the Vstilaginaceae also it is 
only the dikaryophytic stage, developed as a result of the fusion of two haploid 
sporidia germ-tubes, or mycelia, that has the power of entering the tissues of the 
host. In wheat bunt, for instance, the hyphae arising from the haploid secondary 
sporidia (‘ secondary basidiospores ') are slender and show no parasitic ability, but 
when two of these hyphae from sporidia of complementary sex fuse, a stouter 
fusion hypha results, and it is from an appressorium developed from the fusion 
hypha on the coleoptile of the host that the infection hypha arises (Fig. 63). 
There is evidence that the germ-tube (promycelium) arising directly from the 
smut spore can penetrate into the host and establish a parasitic mycelium, bearing 
nuclei of complementary sexuality ; this has been reported in Ustilago zeae and 
f/. avenue (Fig. 206), and no doubt occurs commonly in other species under 
natural conditions. 


Nutritional Stimulation by Parasites 

In Chapter VI reference will be made to the galls produced by fungi in many 
plants. The development of these is due to some stimulant action of the parasite 
which provokes hypertrophy or hyperplasy, or both, in the tissues of the host. 
The gall tissue is sometimes remarkably rich in reserve food. Thus the ‘ cedar 
apples ’ caused by Gymnosporangium juniperi-virginianae on Juniperus virginiana 
are due to the stimulation of the host to prodigious activity in the multiplication 
of its cells and the storage of starch. In Formosa the swollen shoots annually 
produced from plants of Zizania aquatica infected by Ustilago esculenta, which is 
perennial in the rhizomes, are marketed for food, the plants being sometimes 
specially grown for the purpose by Chinese. Similarly the hillmen in the Himalayas 
relish the hypertrophied shoots of lirtica parviflora infected with Aecidium urticae, 
a rust which has its uredo-teleuto stage on Carex. The young heads of sorghum 
transformed into sori of the head smut Sorosporium reilianum are sometimes 
eaten in India. In these and similar cases the parasite provokes a flow of nutri- 
ments from other parts of the plant, some of which are built up into protein 
matter and reserves in the mycelium, a dense accumulation of which may be 
found in the gall, some deposited as starch in the host cells. The gall cells may 
thus be regarded as constituting a storage tissue ; but they diflFer from other 
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storage tissues in serving the needs of an alien invader rather than those of the 
parent organism, for they are largely depleted during the fructification of the 
fungus. The preservative, or even apparently restorative, action of certain 
parasites on the chlorophyll apparatus of leaf tissues (see below, p. 209), is a 
further example of nutritional stimulation evidently advantageous to the parasite 
rather than the host ; it is marked by the formation of green islands of tissue 
surrounding infections by rusts and other fungi on leaves that have begun to fade 
from other causes, such as over-crowding, want of light, or the like, and is seldom 
seen in infections on fully healthy green tissues. Continuation of the photo- 
synthetic activity of the cells has the effect of prolonging the parasitic life of the 
fungus. Chlorophyll is probably the most sensitive indicator in the cell of the 
degree to which a parasite has succeeded in establishing relations of equilibrium 
with its host 


Epidemics 

For nearly a hundred years many of the most intensive studies of the life- 
history of parasitic fungi have centred around the species responsible for epidemic 
outbreaks of plant diseases. For other reasons also epidemiology (or the science 
of epidemics) has a particular appeal in plant pathology. The recognition of 
phytopathology as a distinct branch of biological science may be said to have had 
its foundation in a succession of epidemics (or ‘ epiphytotics ' as they are some- 
times termed in the United States), starting from the potato blight which swept 
through Europe in 1845 and 1846, and the vine oidium first seen in England in 
1845 and France in 1848, and continuing with the coffee leaf disease which 
devastated the flourishing plantation industry of Ceylon and almost halted its 
development elsewhere in the East between 1869 and 1883, the vine mildew 
or ‘ peronospora ’ which, spreading from France through Southern Europe from 
1878 onwards, brought panic and ruin to vine-growers everywhere in its track, 
to the rind disease which almost accomplished the destruction of the sugar-cane 
industry of the West Indies in its peak years about 1895. These and many similar 
outbreaks occurring with increasing frequency since the start of the present 
century have seriously affected the world distribution of crops of economic im- 
portance. Such are : coffee, of which Asia produced three-fifths of the South 
American production by 1879, before the industry was seen to be doomed from 
Hemileia vastatriXy as against a present-day production in the New World, free 
from this disease, some twelve times greater than that of the whole of the Old 
World ; and rubber, in which attempts to establish a plantation industry in the 
western tropics, whence the tree originated, have hitherto been foiled by the 
South American leaf disease {Dothidella ulei). They have led to national disasters 
such as overtook Ireland when potato blight caused a loss of population of a 
million and a half from famine and emigration in the five years preceding 1850. 
They have had political consequences of the first magnitude, as this same disease 
in the repeal of the Corn Laws, of which Disraeli wrote in Endymiotiy “ this 
mysterious but universal sickness of a single root changed the history of the 
world They have been the probable cause of the extinction of species in particu^- 
lar areas, if one may draw conclusions from what is happening to the indigenous 
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chestnuts in the eastern states of the American Union, from Endothia parasitica^ 
or to the elms in the Netherlands from elm disease. One may speculate on the 
possibility of a similar explanation of the disappearance of the British wine which 
the Romans enjoyed when one considers the loss of the Dominican lime-juice 
industry in recent years, from ‘ withertip or the fall in the export of Madeira 
wine from 7000 pipes in 1851 to 360 in 1861, said to have been due mainly to 
disease (presumably ‘ oidium ’) : even though the species survived, it must be 
remembered that both blight and wart disease led to great changes in the varieties 
of potatoes grown in Great Britain, changes not always to the advantage of the 
consumer. 

The epidemic diseases of plants can be divided into two main groups according 
as they occur in crops in which the disease is ordinarily endemic but assumes 
epidemic proportions from time to time, or as they are * new \ Epidemics of the 
former group depend ordinarily on seasonal variations in the environment, 
especially those due to meteorological factors. An instance has already been 
cited to indicate that these factors can be operative at a distance both in time 
and space from the actual outbreak (see p. 59). In Great Britain, the chief 
diseases subject to seasonal influences which may raise infection to epidemic 
proportions include potato blight, cereal rusts, chocolate spot of field beans 
{Vida f aba) (p. 593), the powdery mildews of clovers (p. 456), brassicas, etc., and 
apple and pear scab (pp. 730, 749). 

Chocolate spot is a good example of a disease dependent on several factors, 
for it only takes on the destructive epidemic form when a heavy inoculation with 
the spores of the causal organism, Botrytis cinerea, occurs coincidentally with 
favourable conditions for the development of the disease (Part II, p. 595). 

Occasionally a parasite after years of mild attacks assumes and maintains 
epidemic severity. Such seems to have been the case with rubber oidium in 
the East, red rot of sugar cane {Colletotrichum falcatum) in India, and possibly 
‘ withertip ’ of limes in Dominica. The most plausible explanation of this is an 
accretion of virulence by saltation, but evidence for or against this suggestion 
would be difficult to find. The rust, Pucciniapsidii, which developed with epidemic 
severity on pimento trees {Pimenta officinalis) in Jamaica in 1934, had not been 
previously recorded on this host, though a common parasite of Eugenia malaccensis 
in the island ; it has been considered to be almost certainly a recent mutant of the 
fungus. 

The second group of epidemics of plant diseases, and that which has attracted 
the greatest public interest, is the result either of a new parasite having been intro- 
duced from another country, or of the passage of a parasite of some pre-existing 
plant of a region to a newly introduced host. The list of these (excluding virus 
diseases) that have been reported from all parts of the world during the past 
century is a long one : potato blight and wart disease ; vine oidium, * peronospora ' 
and black rot ; coffee leaf disease or rust ; cacao witches’ broom ; banana Panama 
disease and leaf spot ; palm bud rot ; sugar-cane Sclerospora or leaf stripe ; 
tobacco blue mould and wildfire ; onion smut ; hop downy mildew ; citrus 
canker and withertip ; American gooseberry mildew ; apple and pear fireblight ; 
chestnut ink disease and blight ; pine blister rust ; oak mildew ; elm die-back or 
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Dutch disease ; hollyhock and antirrhinum rusts ; and so on. Even such old 
and widespread diseases as apple scab, which did not reach Western Australia 
until long after the establishment of apple-growing in that State, and yellow rust 
of wheat, long unknown in North America and still not reported in Australia, 
have evidently not reached the limits of their spread. While the great majority of 
these diseases have assumed epidemic proportions on their introduction, this is 
not an inevitable consequence, as is apparent from the behaviour of yellow rust, 
which seems to have done comparatively little damage in North America. 

Those who have seen the destruction caused by a bad attack of potato blight 
can best appreciate the vivid and harrowing descriptions on record of the out- 
breaks between 1845 and 1847 when it is remembered that none of the varieties 
then grown possessed any powers of resistance to the disease, while most of the 
present-day kinds probably have some. A group of scientific men reported that 
from a high point near Brussels the immense blackened patches that had been 
flourishing potato fields filled the vast horizon, and they were told that even one 
night had been sufficient to destroy the finest fields : this was soon after the first 
appearance of the disease in Flanders in July 1845. The following year a visitor 
to Ireland described “ a magnificent field of potatoes, about twenty acres in extent, 
through which . . . one day during the last week in August, as we brushed through 
the dark-green foliage, earthy disagreeable odours . . . rose from the plants. 
On the following morning the entire crop looked as if it had been exposed during 
the night to the action of steam ... in six and thirty hours a few sickly stems and 
discoloured leaves were all that remained.’* A few years later again, the famed 
temperance missionary, Father Matthew, wrote, “ On July 27th, 1 passed from 
Cork to Dublin, and this doomed plant bloomed in all the luxuriance of an abun- 
dant harvest. Returningon August 3rd, I beheld . . . one wide waste of putrefying 
vegetation.” In France and Italy references to the “ veritably confounding ” 
rapidity of the spread of vine downy mildew were equally common in the eighties 
of last century and were repeated as the malady reached new countries. A New 
Zealand vine-grower stated that when atmOvSpheric conditions favour the develop- 
ment of the pest it “ spreads like a prairie fire ” : ‘‘I have seen the foliage on ten 
thousand vines completely blasted by mildew within three days of its appearance ”. 

Against these fulminant outbreaks may be set the slow, exterminating progress 
of diseases of forest trees. Chestnut blight {Endothia parasitica) was stated in 
1940 not to have spared any existing tree of the species {Castanea dent at a) 
indigenous in the east of the United States, but even after nearly forty years since 
its discovery in New York in 1904 it has not exterminated the tree, for individuals 
may continue to give repeated crops of basal shoots long after the trunk has been 
killed. In this and other cases, though recovery is unknown, it may be many 
years before the tree finally succumbs. It is well known that blister rust {Cronar- 
tium ribicola) of the Weymouth or white pine {Finns strobus) and other five- 
needled pines has gradually caused the cessation of planting of these species 
except where control measures are rigorously enforced ; Finns strobns is gradually 
disappearing from Norway, its planting in Great Britain is now rare, and observa- 
tions in New York State indicate that though some trees may survive attack they 
are generally so badly damaged as not to yield commercially valuable timber. 
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But the progress of the disease is slow ; it may take three or more years for a 
sporidial infection from the teleutospores on Ribes into the pine needle to pass 
back to the branch and start a canker which will later bear aecidia, and the killing 
of a mature tree may perhaps take forty years or more. The allied Pendermtum 
pini may take a hundred years to kill Scots pine in Bavaria. Actual infection by 
Cronartium ribicola may have occurred with epidemic intensity, for up to 5,000 
cankers have been counted on the highly susceptible Pinus monticola in British 
Columbia, but this need not necessarily be reflected in the death rate. Time may 
be given for the application of control measures and, above all, for the introduction 
of disease-resistant species or varieties. Thus the ink disease of the sweet or 
Spanish chestnut, Castanea sativa, caused by Phytophthora cambivora, thought 
to have come into Europe (Portugal) possibly from the Azores, was seen in France 
in 1882. By 1922 it had destroyed 30,000 hect. of chestnuts in France, while 
in twenty-five years from 1910 it reduced the Italian nut crop by 100,000 tons. 
In Spain there are still (1942) about 5,000,000 trees in production, but in the 
relatively mildly infected province of Lugo there are only about half the number 
now that there were twenty-five years ago, and in Corunna province less than 
one-sixth of those recorded at the beginning of the century ; in some areas 
destruction is almost complete. Meanwhile jefforts are being made to cure early 
infections by exposing the roots and collar of the trees and applying antiseptics, 
and are meeting with considerable success, while both in France and Italy tests of 
resistant species from the Far East are proceeding on a large scale, the Japanese 
Castanea crenata showing a satisfactory degree of resistance in both countries 
(though susceptible to inoculation in England) and having some varieties that bear 
good fruit ; both root-stock grafts with Castanea sativa scions, and direct producers, 
are being grown. 

The best-known representative of this group of epidemic diseases in England 
is the Dutch elm disease, which has killed many fine trees in the east, south, and 
midlands, since it was first seen in 1927, but may have reached the limits of its 
extension in the north and west (Part II, p. 895). It is, however, still too early to 
predict to what extent it may reduce the total stand of elms in the affected areas. 
Hitherto it has not proved so virulent in England as in the countries in which it 
was first found (France in 1918 and the Low Countries the following year), whereas 
the hop downy mildew which reached Europe probably from Japan or North 
America about 1920 seems to cause greater injury in Bavaria than in England, 
which appears to have been the first European country affected. 

These differences in virulence may depend on many causes, some of which, 
at bottom, are likely to be similar to those that have proved to be of ecological 
significance. The effect of these on the life-history of a parasite, however, is so 
complicated by pathogenic factors, such as are discussed in succeeding chapters, 
as almost to defy analysis. So far as climatic or seasonal factors are concerned, 
the evidence indicates that both the annual curve of fluctuations of temperature, 
humidity, and the like, and the ma;ximal and minimal extremes, have to be taken 
into account, and that these may affect host or parasite, or both, while in diseases 
like the Dutch elm disease their effect on the insect vector may be at least equally 
important. 
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There is a rather general belief that epidemic outbreaks of ‘ new ’ diseases 
often reach their peak shortly after they are first introduced, and then undergo a 
gradual decline in virulence. In animals and man a partial explanation of this 
may be found in acquired immunity, but a similar explanation is rarely possible 
in plants. Perhaps some clue to a decline in virulence in plant epidemics may 
be provided by the evidence from bacterial wilt of maize that fully susceptible 
hosts tend to filter out the more virulent strains of the parasite. The records 
certainly suggest that hollyhock rust was as virulent when first introduced into 
Great Britain as antirrhinum rust (Part II, p. 846) has proved to be during 
recent years, but whether there has been any change in the hollyhock population 
in the direction of increased resistance is not known. In many cases it is not 
yet possible to account for the waning virulence of plant epidemics if such 
occurs. Among the factors tending to increase the degree of injury caused by 
parasites one of the most important is the length of time during which the crop 
remains exposed to attack. The reputation of the famous Marquis wheat in 
Canada and parts of the United States was largely due to its short period of growth, 
enabling it to yield its harvest before the main intensive invasion of black rust 
could reach it. In general, anything which tends to prolong the maturation of 
the whole crop (such as unfavourable weather) or of a part of it (such as insect 
injury) increases the prospect of heavy infection from parasites that are not con- 
fined to the early stages of growth. Even when the parasite is one that flourishes 
best on young leaves and the like, infection of the repeated flushes that follow 
defoliation, or the killing back of shoots from other causes, may bring about a 
great increase in the injury. Thus the killing of oaks from Tortrix infestation was 
not reported in England prior to the introduction of oak mildew (Part II, p. 900) 
in 1908, but since that time a number of deaths has resulted from the combined 
action of the caterpillars and mildew, since the latter tends to develop with great 
intensity on the young growth that follows defoliation by the insect. A similar 
lethal association has been reported from Canada on Scots pine {Pinus sylvestris) 
between the pine spittle bug, Aphrophora parallela, and Diplodia pinea^ causing 
a crown blight. 

The growth of large areas under a single crop assists in the spread of disease. 
In mixed vegetation an infected plant is often not a serious danger to its neigh- 
bours, as the majority of parasites are limited in the hosts that they can attack. 
On the other hand a disease centre in a large area under one crop may lead rapidly 
to infection of the whole field. Artificial inoculation in the United States with 
the potato blight fungus, where no blight was present naturally, proved that two 
plants near together were able to spread infection sufficiently to destroy the above- 
ground parts in a half-acre plot in 29 days. It has become a commonplace observa- 
tion that disease sweeps through the large tropical and sub-tropical plantation 
crops — tea, rubber, cotton, tobacco, and so forth — with astonishing rapidity. 
Hence the mixing of field crops so common in countries like India has its advantages, 
for a field of, say, wheat, barley, gram, linseed, and peas mingled together will 
face less risk of the total loss of crop, which the Indian cultivator cannot afford, 
than five fields each carrying one of these crops. The same applies to the increasing 
tendency towards the cultivation of clonal lines of particular crops ; should the 
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variety be one which is homozygous for susceptibility to a disease, every plant 
is liable to attack when the disease appears. In this connection there is a factor 
in epidemiology which is often not given due weight. So long as inoculum is 
light, few spores may hit a vital part and cause a casualty in a plant on which 
they fall. As the intensity of the spore shower increases, however, the chances 
that any single susceptible plant will fail to contract infection diminishes. Ob- 
servation confirms the existence of epidemics, especially in permanent crops, 
which flare up into considerable intensity after a period during which the disease 
is sporadic, and these may perhaps be most readily accounted for by the parallel 
with the intensity of a field of fire in musketry here suggested. The intensity of 
an epidemic depends on the number of successful passages of the infective agent 
to a new susceptible host. When the hosts are fixed in space, and of approximately 
the same age and strain, as in the ordinary field and plantation crops, successful 
passage is a simple function of a number of spores in the air or other channel of 
infection at a time when the environment favours the establishment of the 
parasite in the host. 
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Chapter III 

PATHOGENESIS I : THE PARASITE IN RELATIONSHIP 

WITH ITS HOST 


order to obtain their food, parasites have to establish a close connection with 
their host plants ; this implies that they have to enter into the tissues or to send 
haustoria into the surface cells. Entry is most frequently effected by the germ- 
tubes from spores, but can also often be accomplished by mycelial hyphae. In 
this process of ‘ infection ’ two stages may often be recognised and must be sharply 
distinguished, a stage of penetration and a stage of infection proper when the parasite 
is successful in establishing itself in the host. After infection is established there 
follows a period of incubation until visible signs of the presence of the parasite are 
seen. In many cases this is soon succeeded by the production of the sporing 
stage of the fungus, usually on the surface of the diseased parts^ The normal 
progress of these stages may be modified by the influence of the hdft, as is shown 
in the next chapter, when, for instance, the host is one which is more or less resist- 
ant to the parasite concerned. It is also subject to much modification from in- 
fluences of the environment ; temperature, humidity, soil, and other conditions 
under which the host and parasite live have a marked effect on all stages of parasitism 
and will be discussed in a later chapter. 

It is important to remember that the aggressiveness and virulence of a parasite 
are not constant qualities but may vary in different strains and different isolates 
of the parasite. ((The physiologic races of a parasitic fungus do not have identical 
powers of entering a particular host and spreading within it. We have seen that 
they are distinguished from one another by this character as brought out by 
testing them on a series of varieties of the host (Fig. loo)^ The process is capable 
of almost indefinite extension by increasing the number of test varieties of the 
host, and it is sometimes also made more difficult because of differences in the 
response of both host and parasite to different environmental conditions. For 
example, a spring wheat variety, Marquis, maintained its resistance to a physio- 
logic race of bunt so long as it was grown in Minnesota, but became completely 
susceptible to the same race in Montana. Such a physiologic race consists of a 
collection of diploid zygotes which undergo segregation for various factors before 
the haploid sporidia that they produce fuse to constitute an infection hypha ; a 
new series of related biotypes r^ults which may not react to the environment 
like the original collection ^Genetical studies of the fungi concerned have 
shown that, in some cases at least, their pathogenic properties are inherited in 
accordance with the ordinary Mendelian laws. Races of Puccinia graminis tritici 
having different degrees of virulence on a particular variety of wheat have been 
crossed, with the result that the character of virulence has been found to depend 
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on a single factorial pair (or, apparently, sometimes on two pairs) present in the 
fungus. Tests on two or more varieties of the host indicate that the factors con- 
cerned may differ for different hosts. Perhaps the outstanding feature of the 
intensive breeding for disease resistance that followed the rediscovery of MendePs 
laws has been the demonstration that neither host nor parasite is a single unit, 
but that both can be subdivided almost indefinitely 


Pre-penetration and Penetration Stages 

When a ^ore rests on a suitable host plant it frequently requires free water, 
as drops or a dew film, for germination. The germination process has been shown 
in some cases to be stimulat^l)y a diffusion of sQhit£js from the plant through 
the surface covering into the water containing the spores. The spores of the 
conidial stage of Sclerotinia fructicola will not germinate in pure water but require 
an addition of electrolytes (salts), dextrose, or the likey^^)^ Volatile substances 
given off by the underlying plant tissues have been found sometimes to have 
the same effect on spores not immersed in water. Perhaps the most frequently 
observed instance of the stimulating effects of external sources of nutrition on 
the infective vigour or aggressiveness of germ-tube infection is seen in Botrytis 
cinerea 5?)^ where the spots caused by this fungus on leaves (primula, tobacco, 
etc.) are often found to begin where decaying petals have fallen and adhered to the 
leaf surface. In the allied grey mould of grapes it has been observed that, when the 
Botrytis conidia germinate on the surface of the grapes contaminated by juice 
from other grapes in the bunch that have been ruptured by insect punctures 
and the like, their germ-tubes show a special aggressiveness as compared with 
those of spores germinating in drops of water ^59), Contact with withering cotyle- 
dons is also said to have a similar effect in some Botrytis attacks, as in grey mould 
of lettuce (Part II, p. 657). There are many indications that the aggressiveness of 
penetration of other parasites, both of roots and of the above-ground parts of 
plants, can be enhanced by nutritional treatment affecting the parasite. It is 
possible that the known effect of sterilising soil in increasing the damage caused 
by root parasites reintroduced from artificial cultures into such soil may be in 
part due to the same kind of effect, for sterilisation increases the nutrient value 
of the soil solution. This would not account, however, for the observed fact that 
the addition of very small quantities of unsterilised soil to that which had been 
sterilised was effective in suppressing the growth of the cereal parasite Heltnin- 
thosporium sativum (Part II, p. 437) and in such cases the antagonistic action of 
soil saprophytes offers a better explanation 

Other conditions that may affect the parasite just prior to infection are moisture, 
temperature, and light. These will be more fully considered as influencing the 
incidence and course of disease in a later chapter, but some of their effects on 
spore germination should be mentioned here. 

Moisture is necessary for the germination of fungus spores : some, such as 
most of the rust and downy mildew spores, require free water, as raindrops or 
dew films, for the process ; others, e.g. some of the powdery mildews, like Erysipke 
gramitns (Part II, p. 373), germinate better on a dry surface in moist air, while 
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complete immersion of the promycelium checks the development of the sporidia 
of the rusts. In Cystopus candidus (Part II, p. 635) it has been found that the 
sporangia germinate best when sown in water, if the tissues of the leaf on which 
they are borne have been dried so that the water content of the spores prior to 
sowing is reduced to about 70 per cent, of its maximum ; those of Phytophthora 
infestans (Part II, p. 517) will germinate on immersion immediately after removal 
from the leaf only if their water content has been lowered, as by exposing the 
leaf to dry air for a short time ; if picked while still saturated they will not germinate 
immediately ^^3 ). A preliminary drying of uredospores is also sometimes favourable 
to their germination, and freezing, another way of drying out superfluous moisture, 
may have the same effect. Fresh spores of Urocyctis tritici were found in Australia 
to be very difficult to germinate, but when dried over concentrated sulphuric 
acid for forty-eight hours germination was securechi Similarly, fungi that infect 
from the soil may be closely dependent on soil moisture. Club root of cabbage 
(Part II, p. 564) will not occur in, at least, certain soils, if the moisture content of 
the soil is much below 60 per cent, of its water-holding capacity, probably because 
a film of water around the spore is necessary for its germination. The intensity 
of this disease increases up to saturation. On the other hand, common scab of 
potatoes (Part II, p. 490) is checked by wet soil and is worst in dry seasons, perhaps 
because the parasite {Actinomyces scabies) is strictly aerobic and wet soils lose much 
of the air. Most smuts that infect from the soil are also favoured by moderate 
soil moisture, even when their spores germinate readily in water ; it has been 
suggested that poor aeration in wet soils discourages infection in some way. 

Temperature is often but little less important a factor in germination than 
moisture. There is, for most fungi, an optimum temperature at which germination 
is most free ; and there are maximum and minimum temperatures, above or 
below which germination fails. Artificial inoculation with Cystopus candidus 
gave 95 per cent, of successes when the spores were chilled to about 10° C. (the 
optimum for germination), while, when the temperature was 24^^ C., only a few suc- 
ceeded. In this fungus the maximum for germination seems to be about 25° C., 
and the minimum near the freezing point. On the other hand, some species of 
Aspergillus have optimum temperatures of 35'' C. or over, and Monotospora 
lanuginosa, of 42^ C. to 45'' C., for spore germination, and 45^ to 50"^ C., for 
growth though these are not parasites on living plants. The optimum tem- 
perature for spore germination is not necessarily the optimum for the disease 
caused by the parasite. In potato blight, for instance, the germination of the 
sporangia of Phytophthora infestans (Part II, p. 520) is favoured by temperatures 
below those that favour the progress of the disease. Several of the wilt-inducing 
species of Fusarium, however, have an optimum temperature for germination 
which IS higher than the optimum for the disease they induce, and the same is 
true for several of the cereal smuts. 

Light sometimes has a considerable effect on spore formation and germination. 
Cultures of Phytophthora infestans kept in the dark tend to remain sterile, and 
darkefied sporangia fail to form zoospores. This is not the case in the allied 
Phytophthora colocasiae. The common root parasite of tropical plantation crops. 
Fames Ugnosus, can be induced to form sporophores by exposing infected roots 
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to light. Short exposures to ultra-violet radiation stimul^e spore production in 
some fungi {Fusarium eumartii, Glomerella cingulata, etc.), but prolonged irradia- 
tion kills many, and has been suggested for the control of moulds on fruit, bread, 
and the like Exposure to ordinary visible light of high intensity has the same 
effect on cultures of Helminthosporium avenue and Alternaria solani It may 
be noted in passing that fungi are much more resistant to light than bacteria, 
many of which are readily killed in strong sunlight ; this difference must affect 
the aerial dissemination in a viable condition of the two classes of micro-organisms. 
Very weak light suffices for the sporing of Alternaria solani, but complete darkness 
inhibits it P^airly strong natural light favours sporing in many powdery 

mildews, but intense continuous illumination may inhibit infection. Oxidation 
can replace the stimulus of light in favouring sporulation in Plenodesmus fusco- 
maculans The uredospores of rusts may fail to infect plants in darkness. In 
Hemileia vastatrix germination is best after a short exposure to strong light, but 
a long exposure hinders it ; only the blue end of the spectrum is effective in this, 
the red being inert. In one experiment with this fungus an exposure of previously 
darkened spores for thirty minutes to the blue rays gave 27 to 36 per cent, germina- 
tion, while, when exposed for an hour only three 3 to 6 per cent, germinated and, 
if unlighted, 9 to 17 per cent. 

Sometimes the conditions prevailing at the surface of a leaf may be of critical 
importance in the process of infection, as in tomato-leaf mould {Cladosporium 
fulvutn) (Part II, p. 675) where it depends largely on good spore germination 
and ease of penetration ; moisture near 100 per cent, relative humidity, a tempera- 
ture of 75° to 80° F,, exclusion of strong direct light and abundance of stomata 
are favourable to germination and infection, and are found on the lower leaf sur- 
faces at periods when outbreaks are commonest In assessing the significance 
of such factors as temperature, moisture, light, and so forth in the infection pro- 
cess it is necessary often to pay particular attention to the microclimate (the con- 
ditions prevailing at different levels within a growing crop), as opposed to the 
values indicated by the standard meteorological screen ; the early recognition of 
this fact is due largely to Russian work 

Variations in any one factor may affect the action of the others. This can, 
perhaps, best be illustrated from recorded experiments on the cereal smuts (59 a)^ 
With the oat smut Ustilago kolleri (Part II, p. 409) sand cultures of oats were grown 
at constant temperatures of 5^^, 10°, 15°, 20°, 25°, and 30° C., with moistures of 
15, 20, 25, 30, 35, 40, 50, and 60 per cent, of the water-holding capacity. When 
inoculated with the smut, infection on Avena nuda occurred at all the tempera- 
tures but was greatest at 1 5° to 25*^. But, when the moisture was varied, the low 
moistures were much more favourable to infections than the high ones and the 
optimum temperature for infection was changed. At 15 per cent, moisture the 
highest infections were obtained at temperatures from 5° to 20° ; at 20 per cent, 
moisture the highest infections were at 25° to 30°. With the oat variety Victor 
of Avena saliva the highest percentage of infections at 15 per cent, moisture was 
given by the series at 15° C., while 20*^ C. was best for moistures of 20 and 25 
per cent, and 25° for higher moistures, at which infection was much reduced. 
Other experiments that will be mentioned further on show that once infection 
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has been successfully accomplished, the subsequent expression of the disease 
is not usually affected by nutritional factors influencing the rate of growth of 
the host plant, its height, its tillering capacity, or its rate of maturation, so that 
it seems safe to conclude that the effects of moisture and temperatures mentioned 
above were not complicated by nutritional variations. Similar experiments with 
the covered smut of barley, Ustilago hordei (Part II, p. 427) showed that soil 
reaction could also affect the action of moisture and temperature. With a 50 per 
cent, moisture, the highest percentage of infection (83 y) at 20° C. was given at 
a reaction of pHs, and at 15"^ C. the highest (71-2) occurred at pli(, 

The entry of the parasite into the host may be effected through such natural 
openings in the surface of the latter as stomata, water pores, nectaries, lenticels, 
and the like, or directly through the cuticle and outer wall of the surface cells 
(including root hairs) or through wounds. Even in the one parasite, different 
spore-forms may infect in different ways ; through the stomata for uredosporal 
infections in the rusts ; across the cuticle and epidermis for the sporidial infections 
in the same fungi. The first passive resistance to attack that a fungus parasite 
meets may be encountered here. In order to attack a leaf, a spore must remain 
long enough on it to germinate and produce an infection hypha, and as already 
mentioned, it usually requires high moisture or free water for the purpose ; waxy 
leaves may allow the water to run off too freely for this to be possible. If it has 
to enter through stomata there may be few or none on the most exposed surface, 
and many spores may fail to reach the vicinity of one. If it penetrates through the 
cuticle, the latter may be too thick, or too tough, to allow free passage to the infection 
hypha. 

Entry through Stomata and Other Natural Openings 

In parasites that penetrate through stomata it is still a matter of controversy 
whether the size of the stomata and their behaviour in the times of opening and 
closing are factors in surface resistance ; on the whole, the most modern evidence 
is against the view, which was once widely held, that stoma tal behaviour has much 
influence on penetration by fungi, though it is of importance in bacterial in- 
fection Entry through stomata is a curiously passive process. Very many 
cases have been described in which fungi readily enter the stomata of plants which 
they are unable properly to infect. The older view that parasites were attracted 
by some substance of a chemical nature within the tissues has had largely to be 
abandoned, for even if a positive chemotropism attracted the fungus to enter, it 
would have to act across the stomatal cavity which is generally filled with air ; 
the attracting substance, therefore, should be volatile and there is no evidence of 
a positive tropism to gases other than water vapour. Earlier work suggests that, 
in some cases at least, a positive tropism towards water vapour may be the cause 
of penetration in rusts, and this would account for entry into uncongenial hosts. 
There are, however, difficulties in accepting this explanation to cover all cases ; 
experiments with the vine mildew {Plasmopara viticola)^ (Part II, p. 833) showed 
that the swimming zoospores of the fungus tended to congregate around open 
stomata, whether of the vine or many other plants, and as these spores were 
immersed in water, water vapour cannot have been the inducement Though 
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in this and a few other cases there is evidence that the stomata exert some form of 
attraction, it is often found that germ-tubes pass by or grow across stomata without 
any apparent directive influence from the latter, and it is evident that there is 
still much to be learned of the reasons for the predilection shown by so many 
obligate parasites for entry throCigh stomata. 

The actual entry is usually preceded by the formation of an appressorium 
(Fig. 103) over the mouth of the stoma. This may be a swelling of some size, 
or a mere thickening of a short length of the tip of the germ-tube. In either case 
it becomes fixed to the surface of the guard cells by some kind of sticky secretion, 
and the actual entry through the stoma is effected by a slender infection hypha 
arising as a branch on the under side of the appressorium. Occasionally, as in 
Cladosporium fulvum, the tips of the germ-tubes enter the stomata of the tomato 
leaf directly without forming an appressorium. 

The fate of the infection hypha in the sub-stomatal cavity immediately after 
entry varies according as the fungus is able to establish itself as a parasite or not. 
In the rusts, the infection hypha usually swells up into a kind of a vesicle in the 
sub-stotnatal cavity, and branches arise from this. In a susceptible host, one of 
these branches early sends out a haustorium into a host cell in the neighbourhood 
(Fig. 103 h). Food is obtained in this way (it is not at all surely known what the food 
is, or how it is taken in) and further growth to reach new cells into which other 



Fig. 103. — Stomatal penetration. A-I, germination of uredospores of Puccinia anomala on barley. 
A, the spore showing germ-tube, at end of which is a young appressorium (swelling), the 
latter producing a fine penetration peg, as if to enter a guard cell of a stoma. J8, appressoria 
from two spores close to a stomatal aperture. C, an appressorium with a penetration peg 
formed over a closed stoma. Z>, section of a stoma showing two appressoria resting on a guard 
cell. F, an appressorium putting forth its first infection hypha. F, G, sub-stomatal vesicles. 

a two-day-old infection from two vesicles in the same sub-stomatal cavity ; note haustorium 
sent into epidermal cell on left. /, a three-day-old infection ; note two haustoria, the one on 
left in contact with host nucleus (after D* Oliveira, Revista Agron.) 
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haustoria can be sent is rendered possible. In an uncongenial host the first steps 
are the same, but the haustorium either fails to develop or, if formed, is unable to 
obtain food or absorbs something deleterious, and infection is checked after a 
variable amount of progress At the same time, the fungus often exerts a 

damaging effect on the penetrated cells or neighbouring ones, and this may cause 
their death and the formation of small necrotic groups of cells around the seat of 
infection. In some cases, as in many rust attacks on resistant varieties of cereals, 
the failure of the infecting mycelium to develop is ascribed to ‘ hypersensitivity ’ 
of the host tissues, which are killed by the overactive parasitism of the fungus, 
so that the latter, requiring as it does living cells to feed on, is obstructed by a 



Fig. 104. — Course of infection in resistant and susceptible barley, infected with * race 17 ' of 
Puccinia anomala. A, Ct on resistant Quinn barley. Early infection m A, showing the 
sub-stomatal vesicle. rapid necrosis of host cells in contact with the mycelium. C, complete 
destruction of the mycelium, and further infection checked. D, E, on the susceptible 
firndewn tndgare pallidum, showing congenial relations between host and parasite, total absence 
of necrosis, and formation of uredospores (after D* Oliveira, Revista Agron.) 







Fk;. 105. — Station of leaf of Scots pine showing penetration hypha of Lophodermittm pinastri on 
the surface, and a branch hypha enterinj^r a guard cell, with the formation of a sub-stomatal 
vesicle from which infection hyphae are developing (after Jones, Ann. Bot.) 



Fig. 106. — Leaf-scar infection, in apple canker (Nectria galligena). A, longitudinal section of 
leaf base showing crack in leaf scar and mycelium about to enter ; the intercellular space in 
the tissue below affords an unimpeded entrance to the fungus. B, leaf base showing entry of 
fungus ; there is no sign of phellogen formation and the mycelium has penetrated deeply ; 
an infection by the scab fungus (Venturia inaequaUs) can be seen on the outside of stem. C, 
young canker pustule on the outside of a scab infection. Z), mycelium of Nectria galligena, 
<*» bt growing on the mycelium of Venturia inaequalis, c, d ( x 220) (after Wiltshire, Ann, App, 
Bud,) 
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barrier of dead tissue (Fig. 104). Similarly the tomato leaf mould, Cladosporium 
fulvuniy will enter the stomata of many unrelated plants, but in unsuitable ones 
will either die from starvation after forming a small mycelium which appears to 
have no effect on the host cells around it, or will kill a few cells and produce a 
local necrotic patch beyond which it does not spread Lophodermium pinastri 
(Fig, 105) both sends fine feeding hyphae into the guard cells of the stomata of 
pine needles as well as forming a sub-stomatal vesicular structure from which 
branches are given off to disintegrate the mesophyll 

Turning to the parasites that enter their hosts through other natural openings, 
several plant pathogenic bacteria make use of water pores as well as stomata to 
gain a footing in the tissues. Bacterium amylovorum, which causes a destructive 
fireblight of apples, pears, and other hosts in North America, New Zealand, and 
elsewhere, enters through stomata (especially in the flowering parts), through 
hydathodes, and through nectaries in the receptacle. It can also enter through 
non-cutinised surfaces, such as those of the stigma and the locules of the anthers, 
and through wounds. The common green mould of citrus fruits {Pe?ncillium 
digitatum)y one of the chief causes of decay in oranges and grape fruit, can effect 
an entry through wounded oil vesicles in the rind of the fruit even under dry 
conditions when the rest of the rind is impenetrable. In the rotting of apples 
caused by Penicillium expansum (Part II, p. 721) and other fungi, penetration 
commonly occurs through lenticels in the fruit Infection through lenticels has 
been reported in the apple canker-inducing fungus Ncctria galligena (Part II, 
p. 724), which can also penetrate 


through leaf scars (Fig 106 a), through 
‘ woolly aphis ’ galls, and through 
wounds caused by shoot attacks of the 
apple scab fungus, Venturia inaequalis 
(Part II, p. 730) (Fig. 106 b). Lenticel 
infection also occurs in common scab 
of potatoes, caused by Actinomyces 
scabies (Part II, p. 488). 

Entry through Surface Cells 

Most parasitic fungi penetrate into 
their hosts by boring through the 
outer wall of the surface layer of cells, 
whether these be epidermal cells (or 
the hairs arising from them) or the 
secondary surface layer left in the 
roots and shoots after the epidermis 
disappears (Fig. 107). In some cases, 
as in the cereal diseases caused by 



107. — ^Appressoria. A-D^ gennination of 
acciciiospore of Gymnocoma interstitialu. A, 
the almost immediate expansion of the germ- 
tube to form an appressonum, with two nuclei. 
Bf later stage showing four nuclei. C, develop- 
ment of a penetration hypha from the appres- 
sorium. D, growth and branching of the pene- 
tration hypha in the host ( x 375) (after Pady, 
Phytopathology). E, F, penetration of apple leaf 
by the apple-scab fungus {Venturia inaequalis) ^ 
showing spore r, appressorium app, produced 


species of Septoria^ in ‘ shot-hole ’ of 
almond (Fig. 108), and in wheat bunt, 
the germ^tube passes down between 


at end of germ-tube ; note the extremely narrow 
penetration peg entering the cuticle, and the 
mucilage between appressorium and cuticle 
( X 810) (after Nusbaum & Keitt, J. Agric. Res.) 
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Fig. io8. — Direct penetration of the cuticle. Penetration of almond leaves by germ-tubes of 
Clasterosporium carpophiluni. A, the penetration hyphae passing between epidermal cells. B, 
passing into the epidermal cell ( x iioo and 900 respectively) (after Samuel, Ann. Bot.) 

the radial walls of two adjoining epidermal cells without, as a rule, actually 
entering these cells. Much work has been done on this type of penetration 
and the essential features are well established. An infection hypha of extremely 
small diameter arises either directly from the spore or from near the tip 
of the germ-tube, usually after this has been anchored to the host surface 
by an appressorium or equivalent holding organ. As in stomatal penetration, 
the directive stimulus towards the interior of the tissues is not surely known. 
The formation of adhesive organs may well be a contact reaction, and this is 
supported by the fact that they are sometimes inhibited by too moist conditions 
and may develop more freely as the surface dries, so as to bring them into 
close contact with it ; it is suggested that the stimulus to penetration may also 
be a contact one (haygitotro^ experimental work with strips of epidermis or 
membranes of wax or formSlSed gelatine giving no support to the view once 
held that it is chemotropic. In the simplest case known, that of the entry of 
certain Chytrideaceous parasites into the hyphae of fungi such as Pytfuum, the 
zoospore comes to rest on the surface of the hypha, surrounds itself with a wall, 
and after a short time puts out an extraordinarily slender tubular process (often 
not a micron in diameter) which bores through the hyphal wall into the interior 
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Fig 109 — Penetration of potato tuber by zoospores of Synthytrmm endohioticuni ^ causing wart 
disease A, the zoospore with nucleus and flagellum ( x 780) B, zoospore with retracted 
flagellum. C, a number of zoospores in a cleft on the surface of the tuber ( x 800) i), zoospore 

at rest on epidermal cell before entry, showing nucleus and cytoplasm B, elongation of a 
nuclear projection towards the surface of contact B, later stage of same G, //, /, Jy stages 
of entry into the epidermal cell X, entry completed, showing the young ‘ prosoius * against 
the cell wall, with the large host nucleus below. {D-Ky x 2000) (after Curtis, Phtl. Trans. Roy. 
Soc.y Land ) 


and allows the contents of the zoospore to flow into the host cell, leaving an empty 
shell behind. In the potato wart fungus Synchytrium endobioticum^ (Part II, p. 500), 
the whole of the zoospore passes into a surface cell of the host through a small 
pore in the cell wall (Fig. 109) The zoospores are said to be attracted by the 
host, especially towards cells in which nuclear division is proceeding. The opening 
is formed by a projection from the nucleus of the zoospore which reaches the 
surface of the latter where it is in contact with the epidermis. It then continues 
to grow, presumably accompanied by some of the cytoplasm of the spore and 
pierces the host cell wall. The whole of the cytoplasm and nucleus then pass 
through, the latter being much drawn out in the process, and on reaching the inside 
again rounds up. No cell wall appears on the zoospore at any stage, there being 
only plasmatic membranes until the ‘ prosorus or the ‘ resting sporangium ’ 
stages in the development of the parasite are formed within the cell. 

In all the cases that have been fully investigated penetration of the external 
cutinised membrane of the host is effected by mechanical p ressure (Fig. no) 

No good evidence, free from objection, has been given tfiaTTEeTnfection hypha 
dissolves a passage through the cuticle by enzyme action, as was at one time 
believed. Cuticle-dissolving enzymes have not been found and in experiments 
on the penetration of arfiffciirmembranes of graded thickness or hardness it was 
demonstrated that when a certain grade was reached, penetration could not be 
secured no matter how long this membrane was exposed to the action of the 
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fungus. Enzyme action can, however, come into force as soon as the cutin layer 
and the heavily cutin-impregnated outer layers of the membrane are passed, and 
there are many evidences of it in the deeper layers of the epidermal wall where 
the cellulose is less impregnated with cutin. Variations in the thickness and 
composition of the cuticularised epidermal wall arc of much importance in the 
resistance of the host plant to parasitic invasion through the unbroken surface. 
In many cases resistance to this kind of attack increases with the age of the plant 
part concerned ; this can be linked with the fact that the outer wall of the epidermis 
becomes more deeply cutinised with age, and cutin deposits may then occur in 
the radial and even in the inner walls of the cells. Actual tests of resistance to 
mechanical puncture as measured by a fine weighted needle or the like have shown 
a correlation between this resistance and that to surface-penetrating parasites 
in several cases, such as barberries of varying resistance to sporidial infection from 
Puccinia gramims tomato fruits of different ages to Alternaria tomato. 



Fig. iio.—Penetration, infection, and early formation of a stroma by the apple scab fungus Ven- 
turia inaequalis. A, spore germmating on apple fruit. B, entrance of infection hypha under 
cuticle of apple fruit. C, the same, showing the mycelium roughly following the layer of the 
cuticle. /), E, spore of the pear scab fungus Venturia pirina germinating on leaf of pear 
showing branching of infection hypha. E, the same, later stage, showing early formation of a 
primary stroma under cuticle, and of a stolon hypha ( x 1600) (after Wiltshire, Ann, App. Biot.). 
F-K, early formation of stroma (sub-cuticular) by Venturia inaequalis in leaf of apple 30 days 
after inoculation ; note formation of the first conidiophore, and impoverishment of palisade 
cells and plastids ( x 1000) (after Nusbaum & Keitt, J. Agric. Bes.) 
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In other cases paring off the outer layers of cuticle has rendered a leaf susceptible 
when, if unthinned, it was immune ; olden barley leaves with cuticles of 2*5 to 
5 jx thick, as compared with 0*4 to 1*5 /x in young ones, were found to resist attack 
by Erysiphe graminis unless thus treated, while the increased resistance of apple 
leaves to mildew as they age is partly due to the same cause, as it can be reduced 
by abrading with carborundum. The Ascochyta foot rot of peas (Part II, p. 619) 
attacks chiefly the base of the epicotyl, where there is normally a thin cuticle ; 
in varieties resistant to the disease this thinning of the cuticle is less marked <^6). 
So also, since the thickness of the cuticle may depend on the intake of mineral 
ions from the soil solution, fertilisers may exercise an effect on the penetration 
of some parasites into their hosts. The fatty acids which are its base combine 
with these minerals to form soaps, and the readiness of their movements towards 
the surface, where they are oxidised to cutin, depends on the relative solubility 
of these soaps. The cuticle formed when calcium ions are in excess is thin, as 
compared with that when potassium, the soap formed by which is much more 
soluble, is abundant 

The ‘ natural ’ softening of the cuticle that occurs in etiolated plants, or those 
grown under too moist conditions, may increase susceptibility. A correlation 
has also been reported between the thickness of th^ outer epidermal wall of the 
rice stem corresponding to the accumulation of silica in it under high moisture 
and nitrogen nutrition, and resistance to the rice blast fungus, Piricularia oryzae ; 
in dry-land rice, and on certain parts of the leaf blade infection is enhanced parallel 
to a reduction in the silicification of the epidermis Furthermore, there is 

good evidence that the penetration of the epidermal wall by parasitic fungi may 
be affected by alterations in the wall induced in response to the threatened attack. 
In the Erysiphaceae that feed by sending haustoria from surface hyphae into the 
epidermal cells through the outer cutinised wall, it has been found that a germ- 
tube from a spore sown on a leaf of a plant which the mildew concerned is unable 
to parasitise, will begin to form an infection hypha quite similar to that on which 
the haustorium is formed in the proper host of the fungus ^2) This penetrates 
the cuticle and induces the formation of a local internal swelling of the underlying 
cellulose wall, so that a small papilla projects from the under side of the wall 
into the cell, just as has long been known to occur when infection is successful. 
In successful infections, however, this papilla is penetrated by the haustorial 
tube and the latter enters the cell and forms a haustorium (Fig. iii). On the 
unsuitable host the infection tube is checked without penetrating the papilla and 
fails to enter the cell. This and other similar cases are, properly, examples of the 
reaction of the host to surface attack, and will be again referred to in the next 
chapter. 

Mycelial Infection 

Infection can be caused by the mycelial hyphae of many fungi as readily as 
by the germ-tubes from spores. Perhaps its most extreme example is found in 
fungi that infect by means of rhi ffOmorphs ^ such as ArmiUaria mellea (Part II, 
P* 907)9 a root parasite of many temperate and tropical treesTTnfection in this 
fungus is restricted, so far as is known, to the rhizomorphs, and probably to the 
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rather homologous xylostromata, which are more commonly found than rhizo- 
morphs in hot countries 67), When a rhizomorph comes into contact with a 
healthy root of a susceptible plant, it penetrates the root either by its tip if a young 
actively growing rhizomorph, or by a newly formed branch at the point of contact 
if an old one. The rhizomorph tip enters as a whole, without separation into, 
or preliminary penetration by the individual hyphae of which it is composed, and 
spreads along inside the root usually at the junction of the bark and wood, or of 





Fig. Ill, — Germination of conidia of Erysiphe graminis on the epidermis of wheat. A fine stylar 
process from the germ-tube (or from a small sub-apical appressorium) pierces the cuticle, and 
in its passage through the cellulose layer it is preceded by a local thickening of the layer into a 
papilla which it eventually pierces at the apex ; inside the host cell it becomes dilated into a 
lobed, branched haustorium, and in doing so invaginates the lining layer of cytoplasm ( x 1000) 
(see also Fig. 82) ; a, conidium with three germ-tubes, with haustorium from the primary one 
( X 500) ; 6, an old conidium with four tubes ; c, a conidium with a primary germ-tube and a 
‘ halo ’ (stained cotton-blue) ( x 500) ; d, a conidium germinated on Polypodium aureumt with 
a halo beneath a germ-tube ; e, tip of germ-tube with its stylar penetration peg or process 
( X 1000) ; /, a conidium germinated on a begonia leaf ( x 500) ; g, an infection papilla, in 
section, with the germ-tube detached ( x 2000) (after Corner, New Phytologist) 
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cortex and xylem in young roots, but sometimes in the pith (Fig. 112), It can 
enter through the sound periderm of the older roots or through the piliferous 
layer of young ones. Before entry it forms loose ‘ attachment hyphae ’ (Fig. 19), 
which fill all the irregularities of the root surface but do not penetrate the cells or 
form visible appressoria. The tip of the rhizomorph may force its way in by 
mechanical pressure, but there is apparently chemical action as well (see larch 
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root rot, Part II, p. 913). In young tea roots 
no attempt at defensive cork formation has 
been found. Behind the growing tip in the 
tissues individual hyphae grow out from the 
sides and ramify through the cells. These 
are, no doubt, the feeding hyphae of the 
fungus, and it would seem, therefore, that in 
fungi this type, entry into, and extensive 
invasion within, the host are effected by one 
type of mycelium, and feeding by another. 
In other cases, such as, Ophioholus graminis 
extension is effected by long ‘ runner hyphae ’ 
on the surface of the root (Fig. 113) and 
feeding by other hyphae arising from these 
and penetrating the roots (Fig. 114). In the 
parasitic ' thread blights ' and ‘ black rots ’ of 
tropical plantation crops, caused usually by 
Basidiomycetes, there is, in several cases, an 
endophytic mycelium so restricted in space 
and time that the parasites concerned were 
long believed to be superficial and to obtain 
nutrition by absorption from the tissues even 
when these were obviously severely injured 
or killed by the fungus. In these cases the 
greater part of the fungus remains on the 
surface of the green parts, often forming a 
conspicuous white covering on them. Pene- 
tration is effected by hyphae from the lower side of this layer, and may occur only 
at one stage of maturity of the fungus {Corticium keleroga)^ or on one part of the 
plant (leaves in some thread blights). Still more remarkable is the process of infec- 
tion in the western coffee leaf disease caused by Omphalia flaviduy where the organs 
concerned are specialised detachable knob-shaped bodies (‘ gemmae ') borne on 
short stalks, the whole forming a ‘ gemmifer The gemma, borne by the wind, 
falls on a leaf, usually so that its upper surface, clothed with radiating filaments, 
rests on the leaf. Infection occurs from these filaments. In the diseases caused 
by most of the above-mentioned fungi, infection from spores, though no doubt 
it sometimes occurs, seems to play a very minor part 

Wound Infection 

Infection through wounds is common in many fungi, especially the parasites 
of woody plants in which wounds are sometimes the only path of entry, e.g. in 
the Dutch elm disease (Part II, p. 895). In some of the destructive heart-rotting 
fungi of trees entry is usually effected only when the heart wood^ exposed, as by 
the loss of large branches. In the rot of oak trees caused by Stermm gausapatum 
(Part II, p. 950), which has accounted for losses in certain forest in England, 



Fig. 1 1 3 . — Ophioholus gramtnis. ‘Runner 
hyphae ’ growing along the surface 
of wheat seedling root (photo by 
Garrett, copyright of Rothamsted 
Experimental Station) 



Fig 114 — Ophtoholus gratnints Penetration of wheat seedling Ay median section through base 
of seedhng showing, on right, the fungus penetrating the epiblast and thence travelling across 
base of plumule to reach the scutellum of the grain on the left (the endosperm has been 
omitted) , note penetrations below into an adventitious root, on right, and into the coleorhiza 
from which the primary root may become infected Penetrations may also be effected into the 
long coleoptile region above the epiblast By transverse section of a young primary root 
surrounded by coleorhiza (cf A) , note the two kinds of hyphae in the outer cells of coleorhiza, 
and the finer hyphae passing into the small-celled cortex of the primary root C, the mter- 
cellular mycelium in the coleorhiza D, the saxQP m the scutellum and scutellar epithelium 
Ey details of the mycelium penetrating the epiblast , note the matted mycelium on the latter, 
and the mycelium withm the cells. (Dimensions of D, Ey as for C) 
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too close planting, which results in the death of large branches when the canopy 
closes overhead, has been determined as the primary disposing cause of the disease. 
In Stereum purpureum (Part II, p. 763), the cause of ‘ silver leaf ’ of plums and 
other trees, infection from spores occurs through pruning and other wounds at 
all times of the year except during the summer months. The reason for this, as 
determined at Cambridge, is that during the summer there is a rapid formation 
of gum barriers below the wounded surface which appears to be able to check the 
further progress of the fungus. A similar process occurs in the canker and die- 
back of roses due to Griphosphaeria corticolax ; the resistance to this disease 
possessed by some varieties of roses seems to be correlated with their facility for 
forming gum barriers, and, even in susceptible varieties, infection through fresh 
pruning wounds has been found practically impossible in summer owing to rapid 
development of these barriers. I Entry of the parasite in these cases is a passive 
process, the spores that fall on the freshly cut surface being drawn into the exposed 
vessels far enough to encounter sufficient moisture for their germination. 

In other types of wound invasion the fungus may depend for its success on its 
speed of development relative to the rapidity with which the host forms the cork 
phellogen which normally occludes plant wounds. This aspect of penetration 
will be further considered later on. 

A rather special type of wound infection occurs in the attack on oranges by 
the green mould Penicillium digit atum The germ-tubes from dry spores 

are normally unable to enter through the unbroken rind or through wounds that 
do not penetrate beyond it, except as already mentioned, when these are made into 
ruptured oil vesicles. But infection of the unbroken rind and of shallow wounds 
is successful if the inoculation is made with spores suspended in orange juice or 
dilute acids or substances causing pectic hydrolysis, such as ammonium oxalate. 
A suspension in orange oil has been found to have the same effect, but suspensions 
in water and in various synthetic culture media only infect wounds, not the un- 
broken surface. It is thought, therefore, that the promotion of infection by orange 
juice and the like is due, not to any nutritional enhancement of the aggressiveness 
of the parasite, such as has been suggested when decaying petals promote infection 
by Botrytis, but to a neutralising action on substances in the rind of the host that 
causes resistance in penetration. 

Entry through Specific Parts or Organs 

Very many parasitic diseases of plants are known in which entry into the plant 
is only possible through certain parts or organs of the plant. After entry, the 
parasite may infect the whole or a more or less considerable part of the plant, 
or may remain strictly local. It is quite possible to arrange the parasites of a 
given plant into those that attack the leaves, those on leaves and stem, those on 
the stem, those on stem and roots, and those on the roots. Sometimes it is necessary 
to add a group for the inflorescence and another for total * systemic * infection. 
A fairly common powdery mildew (Oidium) of the mango in hot countries is often 
confined to the blossoms, though it tm attack young leaves in moist areas 
Many leaf-spotting fungi are restricted to the leaves, and the spots which they 
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cause may be quite sharply limited in size. Some may be found only on young 
leaves, but others, such as those producing leaf spot of strawberry (Mycosphaerella 
fragariae) (Part II, p. 785), ring spot of cabbage {Mycosphaerella brassicicola) 
(Part II, p. 639), black rot of the vine {Guignardia bidwellii), and leaf spot of beet 
{Cercospora beticola)^ are usually confined to the outer leaves. Many root parasites 
are restricted to the underground parts of plants, and there is quite an important 
group that is confined in its activities to the root-collar or ground-level part of the 
plant. Parasites that enter only through stomata or other natural openings are 
naturally limited to parts having these. In some plants there are weak spots 
which are made use of by certain parasites ; the tough rind of sugar-cane is 
impenetrable to Colletotrichum falcatum or Sclerospora sacchari except near the 
nodes, where it is broken by shoot eyes, and by the gaps caused by the ring of 
adventitious root organs. Phytophthora erythroseptica, causing pink rot of potatoes 
(Part II, p. 509), infects the tubers after digging, normally only through the eyes 
Similarly, the infection of cereals by species of Fusarium that cause seedling 
blights occurs readily at points where the cortex is ruptured by the emergence of 
adventitious roots, as well as those in the primary radicle where lateral roots 
emerge. Some of the wilt-inducing species of the same genus enter most easily 
through the root cap or the primary meristem, infections further back failing to 
reach the central cylinder, apparently because of the development of a suberised 
endodermis In Phytophthora fragariae causing red-core disease of the 

strawberry (Part II, p. 780), primary infection also seems to be by entry through 
the tips of the roots. 

The smuts show many cases of restricted points of entry. In the loose smuts 
of wheat and barley (pp. 367, 427) it has long been known that infection occurs 
through the flowers. Spores blown on to the feathery stigma germinate there and 
penetrate the tissue, growing down the style to reach the ovary much in the manner 
of pollen grains. Barley, however, has also been reported to be infected by 
Ustilago nuda applied to the seed grain, the germ-tubes penetrating, when the 
grain germinates, through the epidermis of the coleoptile and first plumule leaves 
to reach the deeper tissues, though in this case it is probable that the smut con- 
cerned was really U. nigra In Ustilago avenae (Part II, p. 404) the mycelium 
appears to cause successful infection of oats only up to the time of the emergence 
of the first leaf from the sheath. It enters by penetrating the epidermis, and can 
do this apparently in any part of the seedling, but does not penetrate to the deeper 
tissues except in the mesocotyl and first internode (Fig. 121). Tilletia caries (Fig. 63) 
can infect wheat at any time from germination until a few days later, entry being 
by penetration of the epidermis of any part of the coleoptile. Entry through this 
sheath occurs usually between the cells, the infection hypha from an appressorium 
formed by the fusion hypha of two secondary basidiospores growing down between 
the radial walls of two adjacent cells which are sometimes ruptured j passage 
into the lumen of an epidermal cell is rare. Urocystis tritici resembles bunt in 
being able to enter the wheat coleoptile in its early stag^ ; coleoptiles over 
4 mm. long were not successfully infected by spore inoculations in Australian 
experiments. The sugar-cane smut Ustilago scitamineae infects through the shoot 
buds which can develop at every node ; entry occurs through the hairs on the 

£2 
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Fig. 1 15 — Penetration in primary infection 
Helrmnthosponum avenue on oat A, 
resting mycelium on oat husk , cp, 
husk ; self imperfect sclerotia ; h, hairs , 

/tw, mycelium ( x 180) (after Dennis, 

West Scot, Coll. Agrtc. Bull. 3) 

scale leaves of young buds. Leaf-axil buds, 
flowers at pollination, and seedlings of red cam- 
pion can be infected by Ustilago violacea 
and give rise to smutted flowers. Maize smut 
caused by Usttlago zeae can result from infection 
into any growing part. The fungus penetrates 
into the cells, not only of the epidermis but 
of the underlying parenchyma as well, unlike 
the other cereal smuts mentioned, which are 
intracellular only in the epidermis but inter- 
cellular deeper in. Even in IJ, zeae^ however, 
the ‘ infection hyphae ’ (long runners which 
spread infection in the tissues) are intercellular, 
or, where they cross a cell, are surrounded by 
a cellulose sheath (see below, p. 149), and only 
the feeding hyphae are intracellular. This 



Fig 1 1 6 . — Penetration of the coleoptile. 
Ay Cy natural primary infection 
of the coleoptile and first leaf of 
oat seedlings, by Helminthosponum 
avenaey showing the characteristic 
distortions of the seedlings (photos 
by Turner & Millard, Ann, App. 
Btol ). Dy oat seedling, artificially 
inoculated with mycelium of the 
same fungus ; Oy coleoptile lesion ; 
hy leaf stripe symptoms, character- 
istic of leaf stripe disease of oats 
(after Dennis, West Scot. Coll. 
Agnc. Bull. 3) 


smut differs from the others on cereals in being unable to cause systemic infection ; 
seedling penetration is obviously more likely to result in total infection of the plant 
than entry at a later stage. 


Examples of cereal diseases arising from penetration during the seedling 
stage are the stripe disease of oat and barley due to Helminthosporium avenue and 


Helminthosponum gramineum respectively (pp. 415, 431). Successful infection 
results from entry into the coleoptile and may result in pronounced infection of 
the lowest and successive leaves, but this path does not lead to systemic infection 
(Figs. 1 15-120 ; an, 217) The latter may be so complete as to involve the 
pollen grains, from which pure cultures of the fungus have been obtained. The 
grain is also infected %-om within, the mycelium occurring in the seed coats and 
endosperm ; successful inoculations have been made through the flowers and also 
by exposing seed grain to contact with cultures of the fungus. Plants grown from 
seed thus infected are usually systemically invaded. In the downy mildew of the 



^IG. ii7.“~Seedlmg of oat showing primary infection 
(Helmnthosponum avenae). A, early stage show- 
ing coleoptile lesion l.c, later stage with lesions 
on first leaf L* C, portion of oat plant in which 
prraary infection has persisted throughout ; s, leaf 
stripe (after Dennis, West Scot. Coll. A^. Bull. 3) 



Fig 1 1 8.— Cells of the coleoptile infected with 
//. avenaCy showing intracellular mycelium 
( X 400) (after Turner & Millard, Ann. App. 
Btol.) 



Fig .119 .-'Helminthosporium avenae on oat (continued) . 
ay points of penetration through scutellum ^d 
epiblast of the embryo ; by cells of the coleoptile ; 
biy mycelium within coleoptile cells (see Fig. 
1 18); Cy cells of the first leaf; Ci, mycelium 
within the cells of the first leaf ; d, region of the 
growing point ; e, rudimentary cereal root ( x ^50) 
(after Turner & Millard, Ann. App. Biol.) 
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Fig 120 — Mycelium, comdiophores, and spores of 
Helmtnthosportum avenae produced on oat leaves 
after seven days. Secondary infections would follow 
upon the dispersal of such spores (photo by 
Turner & Millard, Ann App. Btol ) 


hop, caused by Pseudoperono- 
spora humuli (Fig- 98), where 
there is a modified systemic in- 
fection confined to the root-stock 
and to peculiar spike-like shoots 
from this and from the leaf axils, 
but where considerable lengths 
of stem may be free from the 
fungus, infection occurs through 
buds as well as on the leaves and 
inflorescence (Fig. 410). Bud in- 
fection may result in the produc- 
tion of the systemically infected 
‘ spikes ’ and the spores borne on 
these can infect leaves, inflor- 
escences, and other parts anew. 
Another fungus, the zoospores of 
which penetrate the host through 
buds, is Urophlyciis alfalfae which 
causes crown wart of lucerne (Fig. 
224), (Part II, p. 452). Infection 
most readily occurs through the 


young leaf origins and growing points of the adventitious buds arising in succession 


from the woody root-stock of the host. 


The Post-penetration Stage ; 

Life of the Parasite within the Tissues of the Host Plant 

So far, the discussion of the host-parasite relations has been considered mainly 
with the stages up to and including the first establishment of successful infection. 
The further discussion of the parasite within the plant, and the reaction of each 
to the presence of the other, brings up many physiological problems of which 
knowledge is still far from being complete. 

The main positive advantage gained by an organism that has become adapted 
to the parasitic life is, no doubt, that it thereby largely escapes from the competition 
for food of its less specialised saprophytic fellows. fParasitism is a mode of life, ^ 
and is more or less successful according to the greater or less facility it gives the 
vegetative body of the incomer to secure an adequate amount of food to complete 
its life-cycle. Obviously, the more and the longer the parasite can utilise the 
living tissues of its host for nutriment, the less it has to suffer from competition 
Every degree of gradation is found amongst parasites, from those that are little 
better than saprophytes, for they must kill their food before they can use it (and 
are thereby frequently followed and even suppressed by true saprophytes), to 
those that live in a state of symbiosis with the host, doing the latter no apparent 
harm till the cycle of their vegetative existenoi is approaching completion. 

Even within a single species of parasite there may be competition between 
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different strains. Thus, when resistant maize seedlings are infected with Xantho- 
monos stewarti the proportion of virulent to less virulent bacteria increases. In 
susceptible varieties, on the other hand, the proportion of virulents is reduced. 
As the seedling gets older, even the less virulent strains can attack it, and the 
suggestion has been made, therefore, that once the seedling reaches a certain age 
its vascular system contains organic nitrogenous compounds synthesised by the 
plant on which the less virulent strains can exist. In the very young seedling, 
where these are absent, the less virulent strains fail to become established and 
only the more virulent forms gain a footing 

4 In the type of parasite that kills the cells of the host in advance of its progress 
through the tissues, the food requirement is usually simple. Most fungi of this 
type are readily cultivated on nutrient substances that can be easily furnished. 
They are facultative parasites, capable of a more or less successful existence in the 
absence of living hosts. Yet even in this type of parasite, specialisation of parasitism 
may occur and may be quite well marked, so that it is necessary that the host 
which they frequent should be one to their liking. ^Once they have crossed the 
barrier which the surface layers jof the livmg plant so often present, their progress 
in a suitable host is fairly easy, provided that they preserve unimpaired the necessary 
power to kill living tissues. This they do by the excretion of substances of various 
kinds. The chief are probably enzymes, capable of dissolving the cell walls and 
directly or indirectly killing the cell-protoplasm. Botrytis cinereq_ has been more 
fully studied than any other representative of this type of parasite, and it is claimed 
that the ^zymic system of this fungus, particularly the pectina^se it secret^^^is 
abje jo pro duce on the host tissue all the effects of whjch the fungus itself is capable. 
This IS not necessarily true of all parasites of this class ; in several cases it is 
claimed that while enzymes are the chief agents in attacking cell membranes , the 
contents are killed by other substances excreted by the parasite, organic acids 
such as oxalic acid and toxins. 

(^The production of enzymes by Botrytis has been shown to be affected by 
many circumstances. The composition of the nutrient medium in which the 
fungus grows influences the amount secreted ; in media with a high carbohydrate- 
nkrogen ratio very little is produced* while with a reverse composition the secretion 
of Sizyme isTapidl The enzyme js very susceptible to variations in the hydrogen- 
ion concentration of the medium in which it is growing, and different fungi differ 
in their response to this factor <52), The substances present in the juices of different 
plants may have a marked effect on enzyme secretion. Tests with a group of 
fungi parasitic on ^pples bu t not able to attack potato tuber tissues, as compared 
with a group parasitic on potatoes but not on apples, showed that the addition of 
apple or potato juices to the purified enzyme extract, or of compo unds dike mag** 
nesium sulp hate and potassium phosphate, could mo dify th e .behaviour of the 
enzymes of the different fungi^and ei^h d? the jame fungus. T he enzyme scenied] 
to be al^ in altcaslSTBOT ^C^^ Its" properties could be profoundly modified 
adac^pldon of substances from tlie medium. It was also found that the 
c omposit ion of tKelSgffluiSrm which tHe fungus concerned grew, a:|fected ena&jTtne 
P*pdu(^on ah 3 jn somelcl sies it l[8ee above, p. 7a). The reported 

faiTure of ArmtUaria mellea to infect citrus roots unless they 
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were growing on the host wood is difficult to explain except in some such fashion 
and the same seems to be true of the rhizomorphs of Clitocybe tabescens on pear 
and tung (Aleurites) trees in Louisiana The secretion of the pectinase enzyme, 
which is the main weapon used by Pythium de baryanum and Phytophthora 
erythroseptica in attacking the potato, can be inhibited by growing the fungi in 
various decoctions ^^2). 

In such fungi as Botrytis the destructive or necrotic action of the parasite is 
Ui^essary if the fungus is to live. In other parasites, however, the injury to the 
host is incidental and may sometimes be a positive disadvantage by shortening 
the time during which the organism can carry on its parasitic life. In some of 
these it seems that other products of the metabolism of the parasite than enzymes 
are of importance. What these are is not well known. 

Numerous attempts have been made to assign symptoms of injury to the host 
to the production by the parasite of toxins, as distinct from enzymes. Many of 
these studies have been on the fungi and bacteria that occur mainly in the water- 
conducting vessels of the fiost and induce wilting and sometimes necrosis of the 
green parts, even when the parasite is confined to the roots and base of the stem. 
One of the earliest was with the bacterial wilt of tobacco in India caused by 
Xanthomonas solanacearum \ In this disease it was shown that mechanical obstruc- 
tion of the vessels caused by the presence in them of bacterial masses was not 
enough to cause wilting, and that tissue necrosis occurred at a distance from the 
seat of infection. Both these symptoms were experimentally produced by the 
injection into the stem of a solution from cultures of the organism freed from 
living bacteria. At a later stage wilting is further promoted by the accumulation 
of gum in the vessels, and this water shortage is thought by some to be sufficient 
to account for the necrosis 

It was found in the United States that the filtrate from cultures of Fusarium 
oocysporum was as effective as the fungus itself in causing wilting of potato plants, 
and that the substance or substances involved were heat resistant (thermostable), 
unlike enzymes ^^ 3 , 74). Similarly in a wilt disease of the Michaelmas daisy at 
Wisley caused by V erticillium vilmorinii^ it was shown that the solutions in 
which the fungus was grown induced complete wilting even after they were filtered 
and dialysed, but it was noted that wilt-resistant varieties of the host were equally 
affected. A similar result occurred at Zurich with the thermostable non-volatile 
toxic substance obtained by growing Fusarium Uni in culture solutions ; the 
filtrate caused wilting of the wilt-resistant Bison flax as well as of susceptible 
varieties, and also wilted species of Prunus and Pyrus. This fungus and Fusarium 
bulbigenum var. lycopersici seemed to liberate their (possibly identical) toxins 
inainly on the death of the mycelium. 

The non-specific action of the wilt-inducing toxins seems to have been estab- 
lished in other Fusarium wilts. Other species than that responsible for the disease 
in nature can produce substances that cause wilting to appear in a plant. Thus, 
both Fusarium oxysporum and F, vasinfectum yielded filtrates that were as well able 
to cause cabbage to wilt as were those produced by the t^e cabbage wilt species, 
F. amgUtfmans Even the weak paraske PenkUlium expamum (Part II, p, 721), 
a fungus that usually only attacks apples and ^t^r fruit after ripening, and never, 
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so far as is known^ causes a wilt disease, was shown to secrete a thermostable 
non-volatile substance that could induce wilting in various plants when their 
cut stems were immersed in the culture solution or when it was absorbed through 
their roots 

Nevertheless, in some cases it has been claimed that the action of the toxin 
is specific. Thus in the Fusarium wilt of tomato, susceptible hosts are stated to 
be more readily wilted by the excretory products of F, bulhigermm var. lycopersici 
than resistant, and the more virulent strains of the parasite produce the most 
active filtrates ^33), 

Too much significance should not be attached to the fact that the filtrates can 
induce wilt in resistant varieties or in host species not ordinarily attacked by the 
fungus in question, when artificially introduced into the vessels. It has been 
established in a number of these diseases that resistance to infection in nature is 
a property of the cortex and not of the central cylinder (e.g. in cabbage wilt, flax 
wilt, some bacterial wilts). 

It seems evident that various fungi and bacteria can excrete thermostable 
substances which, when introduced into the water-carrying vessels of the roots^ 
or stems, will cause the green parts to wilt. The evidence, as a whole, indicates that 
the wilt-inducing substances are not specific, and that they may act mainly by 
incapacitating in some way the vessels from supplying the water necessary to 
maintain turgor in the living cells. It has been shown, in some cases, that recovery 
occurs if the plants are transferred back to fresh water after wilting has been 
induced by growing them in the culture solution In others, however, as 

in bacterial wilt of tobacco, necrosis is caused and the ‘ toxin * seems to act on 
other tissues than the vessels. 

In some other types of diseases, also, there is evidence that parasitic fungi can 
produce thermostable substances capable of acting on tissues at a distance. The 
silvering effect in the leaves of plums attacked by Stereuw purpureum (Part II, p. 763) 
results in an” inhibition of cell division in the palisade tissue during the st^ge of 
meristematic development of the leaf, which causes the epidermis to become 
separated from the palisade (Fig. 361), an action at a distance to which the name 
‘ silver leaf ’ disease is due ; it has been reproduced by the injection of sub- 
stances, produced by the fungus in culture, and is attributed in part to enzyjnic 
action on the cell walls, in part to a thermostable substance which inhibits nucleaj 
divisicm. The wildfire disease of tobacco caused by Pseudomonas tabaci and 
eye-spot of sugar-c^e due to fjelminthosporium saccharic are examples of leaf- 
spotting diseases in which the symptoms can be reproduced in much the same way. 

The nitrogenous and mineral nutrition of such fungi as Botrytis and 
Armill^a melUa^ which kill the host cells in advance of their progress thpug^hjfhe 
tissues, offers Uttie difficulty, for they find in the cells nitrogenous compoundaand 
mineral solutions wMch they can readily utilise. They grow well in culture if 
provided with fneat bouillon or peptone, and in synthetic media containing s^imilar 
mine ral compounds to those found in celFs^. It is different 
With their carbohydrate requirements. These they find chiefly in the form of 
cellulose, stai^ha.Jlfitdaugar. Cellulose must be dissolved, and that it must be more 
difficult Iq dissolve than pectin is evident from the facts that most of these fungi 
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first separate the cells from one another by action on the midcfie lamella, and that 
penetration of the wall is accomplished with greater or less ease according as the 
original pectic framework of the wall is less or more heavily thickened by the 
cellulose deposits on it ; when lignin infiltration occurs, solution of the wall is 
usually much more difficult, and cutin and suberin deposits are apparently re- 
fractory, Starch must be hydrolysed, and here again, as with the wall- dissolving" 
process, the enzymes concerned, amylases or diastases, vary from fungus To 
fungus or from strain to strain of a species, and are influenced even in the one 
fungus by the surrounding conditions. The feeding hyphae of Armillaria melled^ 
in the roots of tea seedlings accumulate in the pith and deplete it of the "starch 
which is stored there ; they are not found in the more accessible cortex, which is 
normally devoid of starch. The fungus requires a nutritive medium rich in 
carbohydrates and has its maximum development where these are found. The 
Texas root rot of cotton (Phymatotrichum omnivorum) develops vigorously in the 
seedling roots as soon as their tissues accumulate starch, but not earlier Other 
root parasites such as Rhizoctonia bataticola develop freely in conditions of low 
carbohydrate nutrition and can colonise the tea root cortex, in sharp contrast 
to A, mellea. Xanthomonas campestris, a type of the destructive, rot-inducing 
organisms, hydrolyses starch and ferments the resulting reducing sugar in potato 
decoction media, whereas Bacterium tumefacienSy a growth -stimulating organism, 
the cause of * crown gall ’ of numerous hosts (Part II, p. 794), does not attack 
starch Many other parasites are known that do not hydrolyse starch, even 
though some of them, like Pythium de baryanum and P. ultimum (Part II, p. 507), 
cause rotting of the tissues. In the potato tuber rot caused by Phytophthora 
infestans the starch grains are usually unaltered until the rotted area is colonised 
by various bacteria and fungi that develop wet-rotting of the tubers. At the other 
extreme are fungi like Claviceps purpurea (Part II, p. 445) that utilise starch more 
freely than any other formed constituent of the cell contents, but as the best 
examples of this occur amongst the non-cultivable forms that have the capacity 
to establish a symbiotic state of life in the host, they will be referred to later. Even 
as regards the utilisation of the sugars that are usually the ultimately assimilated 
carbohydrates in the food of fungi there are differences in the kind of sugar as- 
similated by different fungi. The sugar-cane stem parasite Colletotrichum falcatum 
inverts the cane sugar contained in the host and assimilates the resulting glucose. 
The enzyme involved can be excreted into the surrounding medium in considerable 
quantity and much of the damage done by this disease from loss of purity of the 
juice is due to its presence. A few cases have been reported in which the parasite 
is stated to prefer organic acids to sugars as a source of food ; the susceptibility 
of young fruit of the vine to black rot caused by Guignardia bidweUiiy which ceases 
to attack grapes approaching ripeness, has been ascribed to this. More commonly, 
however, acidity is considered to impede the growth of many fungal parasites, 
which remain in a dormant condition after penetration has been effected in young 
fruit, until with increasing ripeness the fruit becomes poorer in acids and richer in 
sugar. 

The progress in the tissues of the host of the more specialised types of parasites, 
especially those that are obligate parasites with no, or a very restricted, vegetative 
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life outside their living hosts, differs materially from that described above. In the 
rusts and smuts, and in some of the downy mildews, the host tissue is not killed 
until a late stage of vegetative development, and up to that time the injury to the 
cells may be imperceptible. There is no question of mutualism in the relations 
between host and parasite in these cases, for the host gains nothing from the 
fungus, while the latter obtains food from the higher plant. But the feeding is 
regulated so as not to be beyond the capacity of the host to meet without appreciable 
injury, often up to the time of sporulation. 

The obligate and facultative parasites are not always easy to differentiate on a 
nutritional basis alone. Thus the cane gall due to Bacterium rubi which causes 
multiple galls, outwardly rather like crown gall, in blackberries and in purple and 
black raspberries {Rubus neglectus and R. occidentalis), in North America, is inter- 
mediate between these two extremes. It induces the development of small galls 
or ridges of white hyperplastic tissue, but the organism dissolves a path between 
the cells by its zoogloeae ; this is followed by degeneration of the protoplasts of 
the neighbouring cells, and lytic cavities filled with bacteria result, causing the 
gall to remain soft. The process is repeated as new gall tissue forms in advance 
of the bacteria. Some other gall-forming organisms seem to fall into the same 
category ^7), 

In the majority of the obligate parasites feeding is through haustoria, and the 
presence of these organs is usually evidence of the status of the fungus as an 
obligate parasite. There are exceptions, however, as in several species of Phyto- 
phthord (e.g. P. palmivora) and in Diplocarpon rosae (Part II, p. 858) — the^Qause of 
black spot of roses — where haustoria occur but the parasites can grow apart from 
their hosts. As a rule, however, the presence of haustoria appears to signify an 
advanced degree of specialisation in food requirements. What the substances 
are that the obligate parasite requires — and that so far it has not been possible to 
furnish artificially, so that cultivation under laboratory conditions on non-living 
food has proved impossible — is not known. It is also not known why so many 
of the obligate parasites obtain their food through the mechanism of haustoria, 
organs which characteristically cause no visible damage to the living contents of 
the cell under ordinary feeding conditions. It is possible that the method of 
feeding adopted is associated in some way with the advantages gained in not killing 
tl^e tissues. These advantages are not necessarily nutritional, though the nutritional 
g^in in preserving the host cell as a functioning organ must be great. Obviously 
a cereal looser Smut that killed its host before the latter forms ears would lose the 
great evotuttonary advantage which the fungus has secured in developing its 
sporophoteS iti sifch a perfect position for dissemination of the spores. Ru sts on 
annuarjilaSits may also secure an adaptational advantage if they do not kill the first 
invaded leaves and check the development of others. In the other, less specialised, 
type of parasTfiTthe living protein of the cell has to be killed before if can be used 
as foQd^Vut the Ceding of an obligate parasite like a rust may be a complex process, 
and it has-been s ugge sted that ”fhe haustoria inky take in only certain essential 
naaterials, prcb^lX^jpul^ cpmpounds^ and that, once these are available, 

yigoRLgf g f jhe myceliqm and its ability to form new haustoria 

depend nn.su|di^fgStnP^ the suggested that the 
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obligate parasite requires its nitrogen in the fully elaborated protein form and that 
the haustorium is a structure permeable to such nitrogenous substances of high 
molecular weight, whereas the ordinary mycelium is not. 

As regards minerals and carbohydrates, there appears to be no great difference 
of behaviour between the facultative and obligate parasite. Starch and minerals 
are replaceable with little strain on the plant in view of the relatively small require- 
ment of the parasite and the powers of replenishment of the host. One of the 
most clearly marked instances of starch consumption without injury to the cell is 
seen in the non-haustorial symbiont of the type of endotrophic mycorrhiza formed 
in roots invaded by Rhizophagus. Here, the cells containing the fungus are 
depleted of starch, which remains in other cells, but no injury is caused, and after 
the fungus ceases activity starch reappears in the emptied cells, the vitality of 
which seems to have been quite unaffected. Cells of susceptible hosts from which 
haustoria are drawing nutrients also often suffer little apparent injury, losing 
only such carbohydrate material as is surplus to immediate needs. In maize 
rust {Puccinia maydis) the haustoria appear to intercept the soluble carbohydrate 
manufactured by photosynthesis in the palisade cells before it reaches the bundle 
sheath, where, on bright days in uninfected plants, the surplus over what can be 
conducted away is temporarily deposited as starch. In infected plants this starch 
is lacking, in spite of the fact that haustoria are rarely found in the cells of the 
bundle sheath itself. In resistant strains of the host, the contents of the cells 
entered by haustoria tend to be injured and the chloroplasts to a considerable 
extent destroyed 

At the end of the vegetative life the fungus forms its spores. In some fungi 
the two stages of vegetative and reproductive activity are sharply distinguished. 
The life-cycle of a smut or a rust thallus is usually ended with the production of 
spores. In other fungi the vegetative thallus continues to grow after sporing, and 
many successive crops of sporophores and spores may be produced from a single 
infection of such a parasite as Sclerotinia fructigena (Part II, p. 743), the Monilia 
(conidial) stage of which occurs on rotting fruit. This feature of continued mycelial 
growth after sporing may even be found in obligate parasites like onion mildew 
(Part II, p. 693). Frequently, however, the obligate parasite ceases to spare its 
host from injury when sporing, and the tissues are killed locally while a smut 
ball or rust sporophore is forming. This is not by any means due solely to an 
excessive drain on the food supplies of the cells where the parasite is forming 
spores ; often a mechanical crushing or destruction of the tissues results from the 
heavy accumulation of hyphae at the base of, and around, the sporophore. Though 
the downy mildews are less prone actually to kill the tissues when sporing, it has 
been found that Pseudoperonospora humuli (Part II, p. 879), Peronospora effusa 
(Part II, p. 691), and P, destructor (Part 11 , p. 693) caused a reduction in the 
green weight of leaves of hops, spinach, and onion, of 17, 48, and 55 per cent., 
respectively, as a result of sporulation. The dry-matter weight of the sporangia 
and their stalks in P. destructor produced during the night of sporulation amounted 
to 5 per cent, of the dry weight of the onion leaf, but the loss of water could not 
be satisfactorily estimated 

Thus far, the completion of th^ life-cycle of the fungus from the time that 
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penetration has resulted in the establishment of parasitism to the sporing stage 
has been considered from the side of the fungus. During the parasitic life, how- 
ever, the host is not inert. Against the aggressiveness of the parasite must be set 
the receptivity of the host, and this raises the consideration of parasitism from 
another angle. 
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Chapter IV 

PATHOGENESIS II : RESISTANCE AND SUSCEPTIBILITY 


The Receptivity of the Host Plant Tissues 

It has been mentioned above that the receptivity of the host plant when exposed 
to infection may depend on factors affecting the pre-penetration stage (waxiness 
or hairiness of the epidermis, etc.) or the stage of penetration (absence of stomata, 
toughness of the cuticle, etc.). These factors act mechanically ; the subtler 
factors that affect the host-parasite relationships in the living tissues usually have 
little or no influence on the pre-penetration and early penetration stages. There 
seem, however, to be some exceptions. Thus, when a strain of Rhizoctonia solani 
from radish was tested on sea-kale (susceptible) and potato (resistant) penetration 
was rare or absent on potato leaves and sprouts, and this was shown by stripping 
the cuticle to be due to some internal factor in the host More usually, however, 
as with apple scab conidia, the infection hypha penetrates equally readily whether 
the host variety and fungal strain are compatible or not ^^ 2 ). In the later stages of 
penetration, however, it has already been seen that the parasite may come under 
influences derived from the vital activities of the living cells. In no other way can 
be explained the differences in the reception which a rust or a powdery mildew 
encounters in suitable and unsuitable hosts. As already mentioned in the previous 
chapter, the thick papilla or peg on the inside of the epidermal wall which a 
haustorial branch of Erysiphe graminis is seeking to penetrate (Fig. 1 1 1) is a product 
of the activity of the cell. Failure to penetrate it, when E, graminis tries to infect 
an unsuitable host, must be due either to a lack of mechanical boring power on 
the part of the fungus or an increased resistance in the peg as deposited by the 
threatened cell. It is difficult to conceive how the former of these alternatives 
could be correct, and the latter is by far the more probable explanation. This is 
supported by the fact that in most highly resistant varieties of oats to smut, all 
attempts at penetration are frustrated by the development in the cell wall of a 
pad of cellulose-like substance (Fig. 121). In the less resistant varieties penetration 
occurs, the degree of subsequent mycelial development varying according to the 
grade of susceptibility Even in so simple a parasite as Olpidium viciae the 
zoospores are prevented from entering uncongenial hosts by failure of their germ- 
tubes to penetrate thickenings formed on the inside of the epidermal wall, though 
in this case it has been suggested that the presence or absence of repellent or 
attractive substances within the cell plays a part Erysiphe graminis from wheat 

will only grow on the older leaves of Hordeum sylvaticum when inoculated on the 
uninjured epidermis near a wound, susceptibility here being clearly conditioned 
by phjrsiological factors affecting the epidermis. Similarly it is only in suitable 
combinations of parasite and host that infection from apple scab conidia leads to 




Fig. I2I. — Infection of susceptible and resistant varieties of oats with the smut fungi Ustilago 
avenae and Ustilago kolleri. A, U, avenae^ showing fusion of sporidia. B, U, kolleri^ a three- 
day infection on the susceptible ‘ Maricton ^ by strain ‘ Cz \ showing no host reaction. C, 
effect of strain ‘ X * on Avena strigosa, a susceptible oat, after 3 weeks ; note the hyphae 
in the growing point (systemic infection). D, strain ‘ C4 * of U. kolleri, showing initial stage 
of penetration, after 2 days. B, the same, after 3 days, showing host reaction in the form 
of a deposit around the penetrating hypha, checking infection in this * resistant * host. F, 
strain * Li* of U. avenae on Avena strigosa, resistant to it, but showing mycelium near stele of 
mesocotyl (photos by Western, Ann, App, Biol,) 
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nutritional depletion of the underlying cell contents. Furthermore, in the penetra- 
tion of the epidermis of the roots of some orchids by the Rhizoctonia-ty^t of 
mycorrhizal endophyte, the walls at or near the point of entry of the infecting 
hyphae may become greatly thickened (up to 6 or 7 /x thick) by the deposition of a 
suberin-like substance, and a sheath of a similar substance may be formed around 
the hyphae that have entered the epidermal cells, and seems to prevent their 
further growth. These are reactions of the threatened cells. In the rust or mildew 
haustorium in the cell of an unsuitable host, it is again the reaction of the host cell 
to the invader that is the decisive factor in determining whether the cell is killed 
(hypersensitiveness) or the haustorium, and often a short length of the hypha from 
which it is given off dies from the absorption of something toxic to the fungus. 
Even in the cases in which the invading mycelium is simply starved out through 
failure to reach its food inside the cell, the factors involved concern the receptivity 
of the host and not the aggressiveness of the parasite, which up to that stage is 
living on the food reservesof the spore, and starts haustorial development presum- 
ably with the same energy in unsuitable as in suitable hosts 


Influence of the Cell Membranes 

The receptivity of the host depends in part on the composition of the cell 
membranes, in part on that of the cell contents. Parenchymatous tissues with 
unthickened walls are, in general, the most easily dissolved by the enzymes of the 
fungus, or the most easily penetrated mechanically. It is generally accepted that 
the penetration of internal walls is largely due to enzymic action, but this appears 
to be by no means universal. Colletotrichum lindemuthianum^ causing anthracnose 
of French beans (Part II, p. 603), penetrates not only the epidermis but also the 
underlying cortical cells of beans by a process which seems to be largely mechanical, 
and it is only about 100 hours after entry that there is evidence of enzyme action 
in the cell walls. Fusarium conglutinans also seems to penetrate the cortical cell 
walls of cabbage roots by^ mechanical pressure. In the attack of Pythium de 
baryanum on potato-tuber tissues it has been demonstrated that there is a correla- 
tion between the resistance of the tuber tissues to mechanical penetration and their 
resistance to the passage of the fungus, while in Sclerotinia laxa on plums the 
softening of the fruit tissues that occurs as they ripen has been considered to be 
the cause of their increased susceptibility at this stage. In the soft-rotting fungi, 
in general, it is probable that enzymic dissolution of the walls is the main means 
of advance, and the same is true for bacterial pathogens. The composition of 
the wall is of great importance in such cases, as will be further illustrated in 
the section on morbid anatomy and histology. Walls that have undergone 
secondary thickening, those of lignified tissues, or those impregnated with suberin 
are much more resistant to solution than those that are unaltered. In many 
parasites (not in all) attacking the wood of plants the hyphae can only pass from 
cell to Cell through the pits in the walls, the rest of the lignified wall offering an 
impassable barrier. So also the lignified tissues of the bundles in leaves may 
check the extension of leaf parasites and cause angular spots limited by the veins, 
as in the hop mildew (Part II, p. 879), or linear lesions, as in yellow rust of wheat 
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(Part II, p. 352), or the sharply defined white stripes on sugar-cane leaves caused 
by Xanthomonas albilineans, 

Suberised walls oppose the passage of fungi whose offensive weapon is their 
enzyme system. Suberisation may perhaps also play some part in resistance to 
mechanical penetration, but it does not seem to be correlated with lenticel infection 
in potatoes resistant to common scab Similarly, though the strains of cabbage 
highly resistant to Fusariutn conglutinans are the only ones in which the walls of 
the cortical cells of the root become suberised in advance of penetration, the 
reaction is not constant. The fungus readily enters through the root tip and cortex 
of the young root and the hypocotyl in resistant varieties, but its limitation to 
the outer cells in these, whereas in susceptible varieties the vascular system is 
reached, is not thought to be due to histological factors. So also there is no sign 
of the formation of reactionary cork in the seedling roots of the tea plant attacked 
by the rhizomorphs of Armillaria mellea^ and the thrust of the tip of the rhizo- 
morph is sufficient to break through the normal periderm of the older root 
Amongst the parasitic leaf-spot diseases there are several in which no reaction 
to the advance of the parasitic mycelium other than the killing of the cells can be 
detected, as in celery leaf spot due to Septoria apii-graveolentis (Part II, p. 630) 
where the spots are not bounded by a ring of cork but often merge gradually into 
the sound tissues On the other hand, the readiness with which cork forms, 
appears to be of real importance in limiting the attack of many parasites, especially 
those of the roots, stems, and branches of woody plants ; in the tobacco varieties 
resistant to Thielaviopsis basicola the path of entry of the fungus through the rup- 
tures caused by emerging lateral roots is rapidly closed by meristems in the 
pericycle, a reaction which occurs much more slowly in susceptible varieties 
Still more evident is the value of cork cambium in the cicatrisation of wounds so 
as to preserve them from the action of rotting organisms. There seem to be many 
intermediate stages of efficiency in cork barriers, from the wholly effective to the 
useless. Mature cork is not readily penetrated by many fungi, as is clearly seen 
in apple and pear scab fungi (Venturia inaequalis and V. pirina) in which work at 
Bristol has shown that the parasite progresses most freely where it can outflank 
the cork, or finds gaps in it (Fig. 122). In pear scab especially the fungus can 
penetrate cork in progress of formation, so that successful shoot infections occur 
to some distance behind the shoot tip and small stromata develop below the 
earliest formed phellogen. New " wound ’ cork is formed inside these stromata 
before the end of the summer but may fail to reach the perimeter of the lesion 
and unite with the normal cork there in time to form a barrier completely surround- 
ing the stroma before growth ceases. No new cork is formed* during the winter, 
but the fungus extends through the gap thus left and develops a ring of subsidiary 
stromata around the primary one. These form spore-bearing protrusions as early 
as January, and during the next few months flakes of bark are forced away by the 
pressure from below and the spore-bearing stromata exposed The generally 
similar course of events in apple scab is sometimes disturbed by invasions of the 
scab pustules by the apple canker fungus Nectria gaUigena (Fig. 106 d) which 
develops so rapidly around the scab lesion in the spring that a sunken area of about 
5 mm. in diameter, with the scab pustule in the centre, may be formed before 





Fig 122 — Infection in relation to cork barriers Apple scab (Ventuna inaequalts) section of 
six-day- old infection on shoot of variety Lord Suffield , the fungus has formed a pseudo- 
parenchyma below the cuticle, and is beginning to invade the epidermal cells , cork formation 
by the epidermis has not yet started B, a three-week-old infection ; the fungus has ruptured 
the cuticle and is producing spores , cells in the cortex below the fungus are dividing pre- 
paratory to forming a cork barrier C, a section ^ in from tip of the shoot , the fungus has 
formed a stroma about loofi thick, spreading peripherally beneath the bark ; at the surface, 
conidiophores are producing conidia, and at the base may be seen partially digested cortical 
cells, and below them a cork barrier with its phellogen , note, on the right, a small patch of 
fungus not enclosed by the cork barrier Z), section of shoot , in the centre, the blackened 
remains of stroma of previous yeai, with dead cortical cells and cork layer below ; one sub- 
sidiary pustule lies below the cork layer, and two others on either side, the one on the right 
having broken through the bark, and forming spores ; no cork barrier formation has yet 
started below the subsidiary pustules (from original drawings by Marsh & Walker, J. Pomology ^ 
by permission of the Editor) 
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cork checks development. Unless the tree is sufficiently vigorous to form a cork 
barrier around the lesion before the wood becomes infected, the canker fungus 
penetrates to the deeper tissues and produces a canker of the normal type involving 
the wood. The canker fungus is less able to penetrate cork in the early stages of 
its formation than Venturia and it seems to find the scab lesion a suitable point 
through which to establish itself rapidly in the tissues during the growing season 
During the winter months, when cork formation is suspended, the direct inoculation 
of superficial wounds with N. galligena sometimes succeeds, but on growing 
shoots in the spring and summer it mostly fails. 

The activity of the cork phellogen which is formed below the cut surfaces of 



Fig. 123. — Infection of leaf and stem of Scots pine by Lophodermium pinastri, a germinating 
ascospore (m prune juice) ; note the vesicle. By section across needle-leaf showing the fungus 
in the sub-stomatal cavities, and advanced destruction of the mesophyll ; the fungus is crossing 
the endodermis by penetrating between the radial walls, thus reaching the pericycle and 
phloem, C, longitudinal section of basal part of a dwarf shoot infected with the fungus, with 
dense deposit of black substance. D, radial section of a young stem invaded by the fungus 
from such a dwarf shoot as C ; the fungus traverses the cortex, living cells of the medullary 
rays, phloem, cambium, and the xylem, by means of the rays, thus finally reaching the medulla ; 
three insets of the fungus in the tissues indicated. E, basal part of an infected dwarf shoot 
which has developed normal cork layers, before fall of the shoot (after Jones, Am. Bot.) 
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potatoes differs from one variety to another (‘ Majestic ’ and ‘ King Edward \ 
for instance, show delayed activity), and the suberised deposits that accumulate 
in the cells nearer the wound and that promote the formation of a phellogen may 
be broken if the cut surface is allowed to dry quickly, and still more if exposed to 
sunlight. The loss of cut ‘ setts ’ from fungal and bacterial rots can often be 
traced to these delayed or faulty healing processes. The reaction of the presence 
of parasites resulting in wound cork formation will be further considered under 
the head of morbid anatomy (Chapter VI). The suberisation (‘ Casparian strip ’) 
of the endodermis of roots is an effective barrier to the passage of some fungi. 
The best marked example of this, not however in a normal parasitic fungus, is 
the absolute restriction of the Rhizophagus-typt of mycorrhizal endophytes to the 
cortical layers outside the endoderm. Good examples are also found in the 
water-melon wilt caused by Fusarium niveum, which, as already mentioned, reaches 
the central cylinder usually only when the hyphae have entered the root tip before 
the endodermis has developed, and in the seedling blights of maize caused by the 
Fusarium stages of Gihberella moniliformis ^ and Gibheralla zeae (Part II, p. 396), 
in which there is evidence that the endodermis in the mesocotyl and in the primary 
radicle acts as a barrier to the hyphae and that its efficacy, as determined by the 
degree of suberisation, is correlated with resistance to these diseases in some 
varieties of corn Lophoderium pinastri (Fig. 123), however, appears to be 

able to cross the endodermis of pine needles by passing along the radial walls to 
undergo intracellular development in the phloem and sometimes also the tracheids 
of the wood. Not only are the needles cast off in the normal way by the formation 
of a band of cork at the base of the dwarf shoot, but a deposition of a black sub- 
stance by the fungus, in the same place, also brings about a casting off of the shoots, 
but the substance is not able to prevent the hyphae from passing down into the 
stem 


Influence of the Cell Contents 

Leaving the conditions of receptivity based on the membranes of the host, 
a much more obscure set of factors concerning the cell contents must be considered. 
Many efforts have been made to determine the existence of chemical substances, 
the presence or absence of which in the cells impedes or furthers the advance of 
the parasite. Some light on these may be obtained from the distribution of the 
hyphae of endotrophic mycorrhizal fungi which avoid cells containing chloro- 
phyll, or resin, or crystals of calcium oxalate. Those of orchid roots rarely extend 
to the tubers, apparently because of the presence in the latter of a thermolabile 
toxin, which is, however, inactive against the allied Rhizoctonia solani. Tannin 
has been supposed to be an important substance in checking the growth of the 
hyphae, as also has, more recently, some phenolic derivative of tannin present in the 
cell vacuoles. But it is hard to get positive evidence of their action. Tannin 
inhibits the growth of some fungi, but in the ‘ esca ’ disease of the vine the Basidio- 
mycete, Fames igniarius (Part 11 , p. 949), to which the disease is attributed, grows 
best in culture when supplied with pyrogallic acid and only penetrates the wood 
of the host plant after tannin has accumulated in it. Young vines with little tannin 
appear to ^ immune from this disease, but if the tannin content is increased 
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(as occurs in certain soils), or if the variety is one naturally rich in tannin (Vttis 
rupestris)^ infection may pursue a more rapid course. An intensive study of the 
tannins found in species of currant (Ribes), which differed markedly in their 
susceptibility to the rust Cronartium rihicola, showed that the quantity present in 
the cells gave no measure of their reaction to the rust, but qualitative differences 
were found, and nothing is known regarding the influence of these As to 
phenols and phenolic compounds, while some inhibit the growth of most fungi, 
others stimulate it at dilutions not much greater than those which cause inhibition. 
A concentration of a phenol solution of 200 p.p.m., considerably stimulated the 
growth of the germ-tubes of Puccinia graminis tritici, whereas at 600 p.p.m., 
germination and growth were completely inhibited. Many of the phenolic sub- 
stances found in plants have little or no toxicity to some of the fungi tested. Thus, 
even though tannin and phenolic compounds can hinder the advance of parasites 
in the tissues of plants, their effect is by no means universal. The success of the 
parasitic relationship between the leaf cells of oat plants invaded by the mycelium 
of crown rust {Puccinia coronata) was shown in Louisiana to depend on the libera- 
tion of phosphoric compounds from the host for the benefit of the fungus 

Similarly, the relation of organic acids found in cells to susceptibility or 
resistance to parasites, which has been often believed to be close, appears to be 
so only in certain cases, if at all. It is possible to influence the acid concentration 
in the cell sap by mineral nutrition without, in many cases, having any apparent 
effect on their receptivity to a parasite. Furthermore, numerous attempts have 
been made to correlate the resistance of certain varieties of a given host with the 
acidity of the extracted sap, with such discordant results as to throw doubt on the 
reality of the relationship. On the positive side are cases where correlation has 
been found in fruits between the changes in acidity that occur during ripening, 
or the difference in acidity in different varieties of a fruit, and susceptibility or 
resistance to fungi parasitic in the fruit tissues. The progressively increasing 
susceptibility of apples during ripening to various apple-rotting fungi runs a 
course parallel to progressive diminution in the acidity of the sap. Negative 
results are more frequent. Several attempts have been made to correlate the reaction 
of resistant and susceptible varieties of cereals to rust with the acidity of their 
expressed juices, in general without success. It is possible to alter the hydrogen- 
ion concentration of the juices by various external factors to a greater extent than 
the inherited variations in acidity found in different varieties of the host, as by 
liming the soil, which lowers acidity, or by checking the growth of the plant or 
inducing debility in various ways which increase it, without finding any regular 
trend of reaction to the rust according to the greater or lesser acidity. So also 
there is a regular curve of acidity during the growth of wheat from the young 
seedling to maturity which is not followed by the curve of rust reaction, whether 
in susceptible or resistant varieties. The high acidity resulting from severe infec- 
tion with Erysipke graminis is accompanied by increased susceptibility to wheat 
rust, but that from etiolation by lessened susceptibility; light may be the controlling 
factor here, for wheat subjected to short day length and reduced light intensity 
becomes increasingly resistant to Puccinia triticina while grass rusts produce 
much smaller sori in darkness than in light So also the reaction to bunt of 
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susceptible and resistant varieties of wheat was not found to be correlated with 
the titrateable acidity of/)H value of their juices. 

Sugars have been considered to be important factors in tissue reaction to 
invasion, but no differences could be found in wheat varieties resistant to, as 
compared with those susceptible to Puccinia graminu in this respect. An indirect 
influence of the type of sugar formed from the endosperm during the germination 
of wheat and maize has, however, been established in the seedling blight of these 
crops in the United States caused by Gibberella zeae. Open-pollinated maize 
seedlings are susceptible to blight at soil temperatures below 24° C., at which 
they are low in hexose and soluble polysaccharide (e.g. cellulose) building material, 
but high in pentoses and soluble nitrogen. In resistant strains a similar low level 
in membrane-building substances and rise in total pentosan does not appear until 
me temperature falls below 12° C., and at such relatively low temperatures for 
maize the resistance of the strain breaks down. Resistance and susceptibility in 
this case appears to be correlated with the composition of the cell walls. Below 
24'' C. in the open-pollinated, and 12"' C. in the resistant strains the walls remain 
long in the easily hydrolysable pectic condition, while at about 28° C. and 16° C., 
respectively, they become rapidly thickened by the deposit of cellulose upon the 
pectic framework ; in the resistant seedlings also, suberin is found in abundance 
in the cortical cell walls, whereas it is scarce or absent in the susceptible ones. 
The conditions in wheat as affected by temperature are, in general, the converse 
of those in maize. There is also some evidence that at a much later stage of parasit- 
ism a correlation can be traced between resistance of the tissues to mechanical 
penetration and fructification of the fungus. In rusts some of the factors which 
limit the formation and rupture of the uredosori seem to be the thickness of 
the cuticle, the amount of hypodermis formed, and the isodiametric shape of the 
epidermal cells 

Similarly, attempts to correlate the germination and germ-tube growth of the 
uredospores of Puccinia graminis tritic^ in total extracts of the juice with the ob- 
served resistance or susceptibility of the variety of wheat from which the juice 
was derived, have failed. In a series of experiments in Canada the inhibitory 
effect of the extracts varied from day to day, but though there was a fairly constant 
difference in the deleterious action of the extract from certain varieties, this was not 
correlated with their resistance to the rust. In the cabbage wilt (‘ yellows ’) caused 
by Fusarium conglutinans there is no constant difference in the effect on germination 
of growth of the fungus in culture between extracts from highly resistant and 
susceptible varieties. Cases have been reported, however, in which positive 
correlations have been found in the behaviour as a culture medium for certain 
parasites of the extracted cellular juice, according as to whether it has been taken 
from a resistant or susceptible host. This has been reported for maize with 
Ustilago zeae and for flax with Fusarium Uni It is very questionable 
whether these effects are not due merely to the presence in the resistant hosts 
of some straightforward substance toxic to the fungus such as is well known to 
occur in timber. The durability of the heartwood of many trees is due mainly 
to certain extractives soluble in water, alcohol, or benzol which are formed as the 
sapwood is changing to heart wood, and are toxic to wood-destroying fiingi. It 
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is possible to grow many of these fungi on woods which normally do not support 
them, provided the wood block is subjected to lixiviation in hot water before 
inoculation so as to remove substances antagonistic to the growth of the fungus in 
question. Serious decay was found to result from the attack of wood-rotting 
fungi on the heart wood of Thuja plicata only when the hot- water extractable 
matter was under 5 per cent, by weight of the block In the flax wilt 

caused by Fusarium Uni there is reported to be a higher percentage of a glucoside 
giving rise to hydrocyanic acid on hydrolysis in the resistant than in the susceptible 
varieties, and this has been suggested as the cause of the difference. In the very 
interesting case of the resistance to onion smudge {Colletotrichum circinans) of 
the varieties of onions with coloured bulbs while those with white bulbs are 
susceptible, it has been found that the former contain protocatechuic acid and 
catechol, and that their resistance is due to the presence of these two compounds. 
In the other plants which this fungus can attack, resistance is shown by the forma- 
tion of infection pegs which often succeed in barring its entry ; but onions do not 
show this reaction, and their resistance, when present, depends on the cell 
contents Various other onion and garlic bulb parasites have been found 

to be inhibited in their spore germination and growth by extracts from the coloured 
bulbs, while extracts from white ones had a lesser effect or none {Helminthosporium 
allii^ Fusarium cepae^ Botrytis alliiy etc,). The coloured bulbs were found to 
resist only those parasites which attack the outer scales where the pigment and its 
associated toxic substances are located ; when infection occurs through wounds 
leading to the inner white scales, successful infection results. 

The effect of grafting resistant and susceptible varieties of plants upon one 
another might be expected to throw some light upon the nature of the factors 
concerned with reaction to disease, and especially their movement within the plant. 
Unfortunately the influence of stock and scion upon one another’s reaction to 
disease has shown, what was already evident from other lines of investigation, 
that the factors involved are different in different cases. In some it seems clear 
that the substances responsible for resistance or susceptibility do not pass readily 
through the plant. Grafts of potatoes susceptible to and immune from wart 
disease are readily effected, but each component retains its inherited reaction 
unchanged. Even in graft hybrids it has been found that the component layers 
maintain their reaction to certain parasites without modification. 

In several diseases of fruit trees, however, the influence of the root-stock 
on the susceptibility of the scion to various diseases is well marked. The effect 
on apple scab of some of the well-known East Mailing series of root-stocks has 
been frequently reported and there is some evidence that the disease can be more 
easily controlled by spraying or dusting on trees worked on certain stocks than on 
others. Similarly, it has been found that Cox’s Orange Pippin and Stirling 
Castle apples worked on the root-stocks ‘ XVI ’ and ‘ XIII ’ were more susceptible 
to canker (Nectria galligena) than any other stock. Stock ‘ XVI ’ also seems to pre- 
dispose the scions of several varieties to apple mildew {Podosphaera leucotricha) 

Even the susceptibility of the fruit to the storage rots caused by Botrytis^ Peni-- 
cilliumy Fmariumy PhomopsiSy and other weak parasites can be similarly affected by 
the stock ; Bramley’s Seedling apples are more resistant when the scion is on 
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stocks ‘ IV ’ or ‘ VI ’ than on ‘ V ’ or * X \ In plums the number of recoveries from 
‘ silver-leaf ’ disease {Stereum purpureum) is significantly higher when the scion 
is worked on common plum stocks than when on myrobolan stocks ; in one test 
lasting for ten or eleven years, 20 out of 23 of the former and 26 out of 41 of the 
latter recovered Victoria plum trees have also been found to be more sus- 
ceptible to the bacterial canker caused by Pseudomonas mors-prunorum (Part II, 
p. 758), when worked on Pershore and Denniston Gage, than on stems of President, 
Purple Egg, and Utility. In the United States, cherries on Mahaleb stocks seem 
to resist infection by the ‘ buckskin ’ disease better than those on Morello or 
Mazzard stocks. In the opposite direction apple stocks grafted with Lord Derby, 
Lane’s Prince Albert, or Worcester Pearmain scions are much more heavily 
infected with crown gall {Bacterium tumefaciens) at and below ground- level than 
those bearing Bramley’s Seedling. The causes of these stock-scion influences 
are quite obscure. 

Though the above catalogue shows that only rarely has it been possible to 
correlate the different grades of receptivity of the host to a parasite with special 
chemical substances present in or absent from the tissues, this must not be taken 
to imply that there is any doubt regarding the existence of such substances. There 
is abundant evidence that the cells contain materials which either permit or prevent 
the development within them of a specific parasite The absence of the particular 
substance may be as important as its presence. The clearest cases are found in 
the early stages of infection in fungi that can enter unsuitable as readily as suitable 
hosts ; the only explanation of such a fact as that the zoospores of Synchytrium 
endobioticum can freely enter the epidermal cells of ‘ immune ’ varieties of potato 
but cannot develop sufficiently to cause a wart and only remain alive for a day or 
two in the cells which they first entered, then shrinking and dissolving, is that 
the cell either has something deleterious to the fungus or is lacking in something 
necessary to it. What these substances are is usually unknown, or even whether 
they are nutritive, or affect chiefly the enzyme apparatus of the parasite or the 
balance of osmotic pressures as between fungus and host cells. There is evidence 
in favour of each of these possibilities. A strong solution of pectinase enzyme 
in limited quantity can be rendered inert by some property of living tissue, while 
a rust can have its infection intensity accentuated when the leaf is borne on a stem, 
the cut base of which is immersed in a solution of sugar, or when the leaves, cut 
after infection but before the appearance of sori, are placed in a 2 per cent, sugar 
solution. It is difficult to separate the enzymic from the nutritional influences 
of the cell contents in such cases, and the distinction, so far as the intracellular life 
of the parasite is concerned, may be more apparent than real, for one of the major 
functions of the enzymes is, no doubt, to render the substances that they act upon 
more suitable for the nutrition of the parasite. It is, therefore, of little consequence 
whether the sugar solutions act by direct feeding of the parasite or by stimulating 
its enzymic, system or giving the enzymes a more suitable environment for their 
activity. Some investigators attach great importance to the effect of osmotic 
pressure in favouring or hindering parasitism. It has, indeed, been suggested 
that parasitism is only possible when the fungus can maintain a higher osmotic 
pressure than that of the sap of the host cell 
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The presence of one parasite in a plant has sometimes been found to influence 
the activity of another. This may well be due to changes in the cell contents 
caused by the first parasite, changes which increase or diminish the activity of the 
second. Bearing in mind the differences in the enzyme armament of different 
fungi, it is not surprising to find that simultaneous infection by two or more fungi, 
or a successive attack by secondary parasites in the wake of a primary one, may 
produce results at variance with those given when each parasite acts alone. In 
combinations of two or more of the citrus parasites Diplodia natalensis, Colleto- 
trtchum gloeosporiodes, Phomopsis (Diaporthe) citri, and Ehinoe fawcetti tested on 
healthy orange trunks in Florida in 1912 this was very evident, for some of the 
combined inoculations killed the trees in a few weeks, a much more severe result 
than any could produce alone So also lemons can be rotted much more rapidly 
at certain temperatures by a mixed infection with blue mould {Penicilliunt italicum) 
and green mould {P. digitatum) than by either alone, while the addition of Oospora 
citn-aurantti accelerates decay at most temperatures Pink root of onions 

caused by Phoma terrestris in America is accentuated by Fusariutn malli which is 
often found following the Phoma in field outbreaks The resistance of the leaf 
of certain varieties of wheat to particular physiologic races of Puccinia triticina 
may be broken if the leaf is infected with Erysiphe graminis. This has been ob- 
served in Warden wheat with ‘ form q ’ of the rust in the United States and in 
Malakoff, Webster, and Democrat with several forms at Cambridge. The action 
extends through the leaf, although the mildew infects only cells of the epidermis, 
often those of the opposite surface to the rust pustules. Experiments have shown 
that liquid solutions in which mildew conidia had germinated stimulate the 
germination of the rust spores, so that it is possible that there is a passage of 
some rust-stimulating substance from the epidermal cells containing haustoria of 
E. graminis j.nto the mesophyll where the rust mycelium is situated. Similarly, 
susceptibility to Pucctnia glumarum may be increased if the wheat is infected by 
bunt. Thus the moderately resistant Little Joss wheat became susceptible at 
Cambridge when previously infected with bunt. In the more resistant American 
Club variety, however, bunt did not increase susceptibility to rust, probably 
because, as in the action of certain fertilisers in increasing susceptibility to rust 
the very resistant strains of the host do not receive enough of the modifying 
influence to change their reaction from resistant to susceptible. In this case 
the modifying influence must act at a distance, for in the mature wheat, bunt 
is largely confined to the apical region of the shoot, while yellow rust occurs 
on the leaves and ears. In Australia it has been found that the presence of Uro- 
cystis tritici in wheat seedlings increases injury from the seedling blight caused by 
Fusarium culmorum, and vice versa. In one test, combined inoculation with the 
two fungi caused a mortality of 37 8 per cent, as compared with 3-6 per cent, and 
1-8 per cent, for U. tritici and F. culmorum used alone <«>. Smutted oats are said 
to be more susceptible to rust than non-smutted, while virus infection is commonly 
believed to increase the injury to potatoes caused by blight. Sometimes, however 
the occurrence of a particular parasite reduces the activity of others, as in several 
of the lemon-rotting fungi which show lessened aggressiveness in the presence of 
Botrytis cinerea. This is possibly due to causes similar to those which reduce the 
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virulence of some soil parasites when certain soil-dwelling organisms are also 
present. 

It has already been shown that many parasites can only effect an entry into 
specific parts or organs of the host. In their subsequent life also they may 
be similarly restricted. Sometimes the parasitic mycelium is only capable of 
growth in young or embryonic tissues. In some of the cereal smuts, for instance, 
the mycelium cannot continue its growth unless it early reaches the multiplying 
cells of the growing point (Fig. 121, C) ; otherwise it gradually disintegrates. 
Invasion of the whole plant by Peronospora parasitica is usually found only in 
seedlings ; in older plants the fungus is often restricted to the young inflorescences 
(Fig. 83) or the stem galls caused by Cystopus Candidas. The frequent association of 
these two fungi (Part II, p. 635) on some hosts is well known. In maize smut also 
the mycelium is confined to young tissues, but if the plant has been exposed to 
ether or heated to 70'' C., total invasion may result. 

The separation of the in- 
fluence of the cell contents 
from that of the membranes 
is somewhat unreal, for as was 
shown above with the seed- 
ling blight of maize, modifi- 
cations in the membrane may 
only reflect previous condi- 
tions in the cell contents. This 
holds good also with the 
sheaths that develop around 
many haustoria, and the in- 
fection pegs that so frequently 
appear in response to the 
attempt of an invasion hypha 
to enter a cell. Particularly 
good examples of infection 
pegs are given when seedlings 
grown in diffused light and 
high humidity are exposed to 
the attack of certain of the less 
specialised facultative parasites 
{Alternaria, Cephalosporium, 

Helminthosporium, Diplodia, 
etc.) which show greatly ac- 
centuated powers of penetra- 
tion and a much wider host 
range than is ordinarily seen 

when the hosts are grown Fig, 124. — ^Penetration of root -cortex of wheat accom- 
tinder more normal COndi- panied by swellings of inner wall of the entered cells to 

tions <38) The pees develop form ‘ lignitubers in infection by Ophiobolus gramnis. 

, r n Note that lignitubers are developed more in the larger 

on tne inner side 01 the wall cells than in the smaller cells, entered by the fungus 

F 
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Fig 1 25 


Lignitubers formed by 
Ophtobolus gramints in the deeper 
tissues of the root (photo by 
Robertson) 
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T of epidermal and deeper tissue cells, each 

marking a point of entry or attempted entry 
by a hypha. The wall in the neighbourhood 
is also often thickened beyond the limit of the 
pegs by the deposition of membrane-building 
substances between the outer plasmatic mem- 
brane of the protoplast and the secondary 
lamella of the cell wall. The pegs formed by 
the more aggressive parasite Ophiobolus gramtnts 
(Figs. 124, 125) are sometimes mainly com- 
posed of lignin with a little suberin and have 
been termed ‘ lignitubers ' but they do not 
always give lignin reactions and it seems 
probable that they may or may not undergo 
secondary modification (lignification and sub- 
erisation) according to the speed with which 
penetration is effected. In most cases it seems that these reactionary deposits 
are not composed of unaltered cellulose, but their exact composition is unknown. 
The same presumably applies to the ‘ cellulose sheaths ’ deposited around the 
intracellular hyphae of systemic Phycomycetes (such as Peronospora pulveracea 
in Helleborus^ and Sclerospora in cereals), maize smut, etc., and also to the wall 
thickenings referred to on p. 137. All these are formed by the protoplast and not 
by the pre-existing cell wall 

Whatever be the explanation of the variations in the receptivity of the host 
to a parasite within its tissues and of the consequent specialisation of parasitism 
that is found in all groups of parasites, facultative as well as obligate (though not 
in every member of the facultative group), the factors which are involved are 
concrete. Susceptibility and resistance to a parasite are in large measure inherited 
characters. The laws governing their inheritance are the same as those governing 
other characters of the host. Sometimes they are as simple as the simplest type 
known to the geneticist, sometimes complex, but in all cases in which heritable 
resistance has been fully worked out it is possible to relate it to the presence or 
absence of one or more genes for this character. It has even proved possible 
to locate the position of the gene for resistance to physiologic form ‘ 3 ' of maize 
rust in a plant homologous for the dominant factor for resistance to this form. 
It was found to be situated in the tenth (shortest) haploid chromosome. There 
are also indications in certain maize strains that the position of the genes responsible 
for reaction to smut {Ustilago zeae) has been identified The environment 
can, it is true, greatly influence the intensity of a disease ; it can even modify the 
inherited reaction, of particular races of plants to it as will be seen in the next 
chapter, but in most cases it has a limited action in that it merely heightens or 
lowers the relative inherent resistance to the disease in question. The type of 
receptivity which determines whether a variety will, or will not, be attacked by a 
given parasite and which governs specialisation of parasitism is not easily changed 
in kind by external conditions. The breeding of resistaiit varieties of crops, 
which is so valuable a means of controlling plant diseases, is based on this fact. 
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T^he Genktics of Host Plant Resistance to Disease 

Factorial analysis of the character of resistance or susceptibility to disease has 
been successfully accomplished in a number of cases by the crossing of varieties 
of the plant in question, and all kinds of combinations have been found. The 
first case investigated, that by BifTen in 1905, showed that the inheritance of the 
resistance or susceptibility to his strain of Puccinia glumarum (Part II, p. 357) 
in the wheats he tested followed a simple Mendelian ratio for single factor dominance 
of susceptibility. Subsequent work by many cereal pathologists and geneticists 
has shown by systematic hybridisation that the inheritance of resistance to this 
and other cereal rusts is not constantly dominant or recessive nor governed by a 
constant number of factors. Thus at Halle in Germany resistance to P. glumarum 
in spring wheats was (as at Cambridge) recessive and due to a single factor, but 
with winter wheats it was dominant and due to more than one factor. In other 
German work with 18 physiologic races of P. glumarum on wheat, a type of absolute 
immunity is distinguished from relative resistance and is said to have been domin- 
ant and unifactorial in all the crosses in which it occurred, whereas relative resist- 
ance may be due to more than one factor and be dominant, intermediate, or recessive. 
The forms of the rust could be arranged in groups, all the members of which 
behaved similarly in the reaction they produced in the progeny of the crosses 
tested. Reaction to the group was inherited as a unit but might be quite indepen- 
dent of reaction to another group. 

Against Puccinia graminis tritici^ on which most work has been done in the 
United States, there may be one or more factors inherited as dominants or re- 
cessives. In one series of investigations, the evidence obtained indicated that the 
variety Hope had a single dominant inhibiting factor for near immunity. Marquis 
and Reliance had a dominant factor for susceptibility, ‘ H-44 ’ carried both these 
dominant factors and the resistant Ceres carried the double recessives. In another 
series, when the highly resistant Hope was crossed with the moderately resistant 
Marquillo, the inheritance appeared to depend on three or more factors and those 
for resistance of the Hope type did not appear to be allelomorphic to those for the 
semi-resistance of Marquillo. In this cross there were indications of linkage or 
association in the reaction to the rust of seedlings and mature plants, but in others 
these characters were independent. The factors for resistance to different physio- 
logic races of the rust, as to those of P. glumarum and of most other parasites with 
specialised races, may differ ; some varieties of wheat, especially some durums 
and emmers, are resistant to a considerable number of forms. Evidently, there- 
fore, the appearance of physiologic races not previously known in the area may 
render nugatory the breedings work which had previously been carried on in that 
area with a view to the development of rust-resistant varieties. Thus, in Australia, 
where up to 1926 only six physiologic races of P. graminis tritici had been found, 
breeding against these had resulted in the production of several rust-resistant 
commercial wheats. Then form ‘ 34 ’ of the rust rapidly spread throughout the 
country ; it had evidently been recently introduced and proved capable of attacking 
all the wheats commercially grown. Breeding against it had at once to be under- 
taken and has again resulted in the selection of resistant varieties. Two other 
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forms, ‘ ii ’ and ‘ 59 ' have since appeared, but as they behave like ' 34 ’ in the 
wheats bred against the latter, their occurrence is not so serious. In this work it 
was found that, whereas the resistance possessed by certain of the parent varieties 
to the six earlier forms (which behaved like a single unit) was conditioned by two 
dominant genes, cumulative in their effects, susceptibility to form ‘ 34 ’ was 
dominant. 

yhe factors controlling resistance of wheat to bunt are equally complex. Thus, 
in the west of the United States three main factors for resistance have been dis- 
tinguished and have been termed the Hussar, Martin, and Turkey factors from 
certain resistant varieties containing them. The Martin factor shows absolute 
dominance, the other two relative dominance. But at Halle in Germany the 
resistance of the wheats tested there to German races of bunt was found to be 
recessive and due to several factors, while in Australia also a recessive factor for 
resistance has been found. The genetics of resistance to the loose and covered 
smuts of oats have also been extensively investigated. In the western ITnited 
States the existence of three dominant factors for resistance to covered smuts, any 
one of which prevents successful attacks, has been demonstrated in hulled oats. 
In the eastern States, while in some crosses resistance to covered smut was domin- 
ant and dependent on a single factor, in one at least it appeared to be recessive. 
In some cases there was evidence that resistance to loose smut was due to the 
same or a closely linked factor. An interesting observation was made in crosses 
between two entirely resistant varieties when it was found that 25 per cent, of 
the F3 progenies were smutted with Ustilago avenae, I’his suggests that the two 
parents had complementary factors for susceptibility which, when brought together, 
induced liability to smutting. In Canada the study of inheritance of resistance 
to covered smut in one cross indicated that it was governed by two factors, a 
dominant one which, when homozygous, conferred a high degree of resistance and 
a weaker supplementary one giving only partial resistance when homozygous. The 
work at Halle indicates that in Germany resistance to loose smut of oats may be 
due to one, two, or three dominant factors. 

The breeding of wart-immune varieties of potatoes has assumed great import- 
ance in all countries, like Great Britain, in which the disease has become established. 
In this case it is a fortunate circumstance that there is a considerable number of 
varieties of potatoes that are practically immune from the disease and new ones are 
constantly being produced by breeding and selection. Several studies have been 
made of the genetics of this character, but the results have been variously inter- 
preted. Many of the immunes appear to be heterozygous and segregate on selfing 
or inter-crossing into 3 immunes to i susceptible, on a single factor, immune 
dominance basis. Crossing of immunes with susceptibles gives varying results. 
There appear to be several factors for resistance, differing in potency. Very 
ingenious hypotheses have been advanced to explain the action of these ; it is 
suggested, for instance, that the reaction is governed by three factor-pairs of 
different potency, and that it is only when the cumulative value of these exceeds a 
certain degree, which can be expressed numerically, that resistance is manifest. 

On the other hand, breeding against potato blight, the cause of which, Phyto- 
phthora infestanSy is not strictly an obligate parasite though having many points 
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of resemblance to one, has proved to be very difficult. The mode of inheritance 
of resistance to the disease is variable, dominant in some crosses, recessive in 
others, but usually showing much irregularity and evidently depending on inter- 
acting, cumulative or duplicate factors. Some of the complications have been 
attributed to the polyploid nature, not only of the potato (tetraploid), but of some 
of the other species of Solanum, such as the immune Solanum derfiissum (hexaploid), 
which have been used as parents. Polyploidy will also account for some of the 
complications that have been met with in the breeding of wheat and oats for disease 
resistance. A number of physiologic races of Phytophthora infestans have been 
recorded in Germany, and those that have appeared in Britain have seriously inter- 
fered with the breeding work. It is possible that the occasional occurrence of sexual 
reproduction in this fungus may be responsible for some of these races, and somatic 
mutation or saltation for others. 

In another type of obligate parasite, breeding has been successful in producing 
wheats resistant to Erysiphe graminis. In some crosses in the United States a 
single dominant factor for resistance to particular forms of the fungus has been 
found, but in others the single factor was recessive. Experiments with Erysiphe 
polygoni on peas in Sweden indicated the presence in a cross between an immune 
and a susceptible variety of four cumulative factors for susceptibility. 

Turning to the inheritance of resistance in facultative parasites studies have 
been carried out in several diseases caused by Deuteromycetes in which marked 
differences in reaction to the disease are known in different varieties of the 
crop concerned. The species of F'usarium that cause vascular wilts are often 
narrowly specialised in their parasitism. The wilt known as ‘ cabbage yellows 
caused by F. conglutinans , has been very fully investigated, and homozygous 
resistant varieties of cabbage have been bred in the United States, which show 
complete immunity. The resistance to ‘ yellows ’ is dominant and due to a 
single factor which seems to be the same in different sub-species of Brassica 
oleracea, e.g. cabbage, wild cabbage, Brussels sprouts, and kohlrabi. But there 
is strong evidence that modifying factors for resistance occur in some of the 
resistant varieties that have been found ; in these heterozygosity is shown by 
the behaviour of progenies of selfed plants and the resistance of the variety tends to 
break down under certain conditions. In the bean anthracnose, caused by Colleto- 
trichum lindemuthianum, work at Halle in Germany showed that in the varieties 
and physiologic races tested, resistance was dominant and governed by three 
factors* Similar work at Halle on the stripe disease of barley caused by Hel~ 
minthosporium gramineum also indicated that resistance against this disease is 
dominant and caused by more than one factor. Resistance to an allied barley 
parasite, H. sativum^ was found in certain crosses in the United States to depend 
on at least three factors, each of which was linked with certain morphological and 
pigmentative characters. 

In a few cases the inheritance of resistance to bacterial diseases has been 
investigated. The resistance of cotton to Xanthomonas malvacearum in a cross 
between the fully susceptible Sakel type and a resistant type of American Upland 
was found in the Sudan to depend on two dominant cumulative factors which can 
be separately inherited and only produce their full effect when both are combined. 
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Modifying factors were found in the American genotype. In the bacterial wilt of 
maize caused by Xanthomonas stewarti resistance was found in the United States 
to be dominant and probably due to two major complementary genes, with per- 
haps a third modifying one. The factors involved in reaction to the bacterial 
wilt of lucerne, however, proved to be so complex that genetic analysis was not 
found practicable in preliminary studies. 

Acquired Immunity 

It has been shown above that there are many types and grades of resistance 
to disease in plants. In certain types the resistance is due to a reaction of the cells 
or tissues of the host to invasion by the parasite. 'J'he hypersensitive reaction, 
by which, for instance, a cereal becomes immune from rust, only occurs after the 
parasite has come into close contact with the internal tissues. It is natural, there- 
fore, that the question whether there is in plants a type of induced or acquired 
immunity, such as is so important a factor in animal and human pathology, should 
have received much attention. 

The organisation of plants is much simpler than that of animals in the sense 
that each component part is less closely linked with, and less dependent for its 
functioning on, the integrity and well-being of all the other parts. There is no 
central nervous system, no blood or lymph streams, and every living part has, 
or may have, within it the capacity to regenerate the whole plant. Analogies 
drawn between what occurs in animal disease, where any local disturbance or 
localised necrosis may have rapid repercussions on distant parts, and disease in 
a plant where an organ such as a leaf or branch may be lost with little or no effect 
on the rest, must necessarily, therefore, be limited in measure. Unless one of 
the vital channels of translocation, such as the phloem, or the main water supplying 
system is involved, what happens in a localised plant tissue is of little concern to 
the plant as a whole ; the ‘ fevers ’ of plants, though these are known, are limited 
to the region around the exciting cause ^5, 25), 

In the majority of cases where the resistance of a plant to a disease can be 
heightened by artificial means, such as drainage of the soil, use of balanced fertilisers 
and so on, it is probable that some cause of weakness in the plant is being removed, 
so that normal vigour is being restored. The difficulty here is to know what 
constitutes normal vigour and the normal behaviour of a given plant to a particular 
disease, for without knowing these, it is uncertain whether resistance is being 
heightened or weakness removed. If increased resistance due to an acquired 
immunity similar to that conferred on animals by vaccination or serum treatment 
can be induced in plants, it should be possible to do so in diseases which can develop 
vigorously in plants that are growing luxuriantly as, for instance, in those caused 
by many rusts and other active parasites (see p. 180). If this immunity depends 
on the development of antibodies, as in induced animal immunity, evidence of 
the presence of these should be given when the plant is reinfected after a short 
lapse of time. 

In spite of claims to the contrary, no good evidence of the existence of anti- 
bodies elsewhere than in the immediate vicinity of the site of infection by fungal 
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or bacterial parasites appears to exist. It has been claimed that in rusts and powdery 
mildews of perennial plants (e.g. coffee rust and oak mildew) a certain degree of 
resistance is conferred by a severe attack in the preceding year. As such an attack 
will result in early leaf-drop, the immunising effect would have to be far reaching 
for the newly formed leaves to show it in the following year. There is, however, 
no evidence of the development of immunity from diseases of this type, even in 
the immediate neighbourhood of the first infections. On the contrary, the first 
infection in many diseases, from potato wart and blight to the cereal rusts, is the 
more rapidly followed by new infections in the neighbourhood, the more actively 
the fungus develops and produces new spores ; except where the tissues have 
actually been injured by the first attack, the secondary ones are not less vigorous. 
As to the inducement of systemic immunity in perennial plants, there is no evidence 
of it in scab of apples or pears, leaf-curl or rust of peaches, hop mildew, or other 
diseases of orchard or garden crops, where if such a systemic induced resistance 
occurred it would be most likely to be noticed. 

In experiments to determine whether antibodies are formed in response to 
introduced antigens, as in many animal and human diseases, discrepant results 
have been obtained by different workers. Some have found that a first infection 
with the crown gall organism prevents the development of galls on re-inoculation 
on the same stem to a varying but often considerable distance. Others have quite 
failed to obtain similar results. Even where success has been reported, the sugges- 
tion has been made by some of the investigators that it is due, not to a formation 
of antibodies, but to autolysis or to the presence of a bacteriophage in the cultures 
used for inoculation. Similarly, several investigators have succeeded in conferring 
immunity on plants by vaccination or other preliminary treatment with an attenu- 
ated strain of the parasite or with the culture media in which the latter has grown. 
The most important experiments have been carried out with Botrytis ctnerea, 
the attack of which was found to be prevented or reduced when the host plant was 
watered with the culture solution in which the culture had been grown. Not 
only have such results failed of confirmation by other workers, but it seems to be 
going beyond the evidence to regard them as comparable with the use of antigens. 
Similar results were obtained with an aqueous extract of Helminthosporium sativum 
on wheat, but subsequent work showed that extracts of various other fungi and of 
Pseudomonas Jluorescens had the same effect. There seems, therefore, to be no clear 
proof of the existence in plants of systemic antibodies in the sense used in animal 
immunology (agglutinins, precipitins, lysins) and other explanations of the above 
recorded effects must be sought. 

Some of the most positive indications of the occurrence of acquired immunity 
at a distance from the infecting organism have been obtained from observa- 
tions and experiments in the mutualistic association (symbiosis) of fungi and 
bacteria with roots, encountered in orchid mycorrhiza and in the root nodules 
of the Leguminosae. The most recent study of the defensive mechanism in 
orchid mycorrhiza gives no evidence for or against the existence of antibodies. 
While the results may well be interpreted as due to the presence of a thermolabile 
toxin, it is considered that this substance need not be of the nature of an antibody. 
Similarly the repression of parasitic activity of the nodule bacteria, which has been 
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attributed by some investigators to antibody formation, can be neutralised, at 
least in lucerne by cutting off the carbohydrate supply, as by growing the 
plants in the dark, when the organism becomes an active parasite. It is easier 
to suppose that the organism remains non-parasitic so long as it receives carbo- 
hydrate nutrition from the above-ground parts of the host, but, when this is cut 
off, seeks it by dissolving the cell walls, than that its activity is due to antibody 
formation. 

At the same time, none of these considerations tells against the possibility of an 
intracellular localised acquired immunity. Indeed there seems to be good reason 
for supposing that substances having the characters of antibodies can be formed 
in cells in response to their invasion by a parasite. What the substances are that 
check the development of certain parasites in the tissues of resistant hosts is usually 
unknown, but there is evidence that they are, sometimes at least, formed in re- 
sponse to invasion even when, as in ‘ hypersensitive ’ plants the capacity to form 
them is inheritable. There is evidence also that, in some cases, the repressive 
action is delayed, so that the parasite can make some progress in the tissues of 
resistant hosts before it is checked. Antibody formation is not the only hypothesis 
that might explain such cases, but it is a possible one. In view of the differences 
in organisation, it would not be expected that such an intracellular formation of 
antibodies would be followed by their transmission to other parts of a plant, as 
occurs so often in animals, and the failure to demonstrate induced immunity 
outside the vicinity of infection does not weaken the possibility of an intracellular 
reaction. 

It is a remarkable fact that the only cases in which it has been fully demonstrated 
that infection can lead in plants, as in animals, to immunity from subsequent re- 
infection occur in the most completely systemic plant diseases that are known, 
those due to viruses. It is now well established that in several virus diseases, such 
as that caused by the ' X ’ virus in potatoes, a previous ‘ vaccination ’ will confer 
immunity against a later attack, even when the second infection is with a much 
more virulent strain of the virus. Similarly, in the ‘ curly top * virus of tomatoes 
apparent recovery sometimes takes place and new shoots are produced that appear 
to be free from the disease ; clones from these are resistant to further infection 
although they have been proved to carry the virus and to be able to transmit it to 
healthy plants. Many of the diseases of this type appear to infect every part, and 
probably every living cell, of the plant, and it seems to be perfectly feasible to 
explain the results in terms of an acquired intracellular immunity ; this is the 
more so, in that it has been found, in cases where the virus is not completely 
systemic, that the immunity produced by the first infection is limited to the parts 
of the plant actually reached by the virus. 

Analogies between animal and plant diseases must be limited within com- 
paratively narrow bounds and sought mainly in intracellular pathology. Induced 
immunity in plants, in the best authenticated cases as in the virus diseases, is an 
intracellular phenomenon, perhaps of the same order as the natural resistance 
shown by the cells of resistant hosts when invaded by a rust fungus. There is no 
a priori reason why the reaction should be confined to invaded cells, and the move- 
ment of viruses, hormones, and the like, shows that complex substances can pass 
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from cell to cell, but there is little good evidence that the antigenic action, if one 
exists, spreads beyond a very limited range. On present knowledge it seems to be 
very doubtful whether any close analogy can be established between the means 
employed by animals and plants in their fight against parasitic diseases. 
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Chapter V 


THE INFLUENCE OF ENVIRONMENTAL 
AND NUTRITIONAL CONDITIONS ON PLANT DISEASES 

Meteorological Factors 

The paramount influence of climate on the prevalence of parasitic diseases of 
crops has been recognised since the earliest times. The obvious relation between 
weather and such diseases as potato blight or vine mildew could not fail to be 
noticed alike by growers and plant pathologists. But the analysis of this influence 
is not easy, for the interplay of different factors leading to a heavy outbreak of 
disease, or enabling a parasite to gain entrance into, and to spread within its host, 
is such that exact methods for determining the effect of each constituent in the 
presence of the others are required ; and they are seldom available. 

Meteorological factors may act on the parasite or on the host or on the two 
when brought into association (in scientific jargon, the ‘ host-parasite complex ’). 
Temperature, humidity, light, and nutritional conditions are the chief of these 
factors affecting plants. Their effects on fungal cultures in the laboratory are a 
matter of everyday observation (Figs. 126 to 130). Temperature is the most 
pronounced in its action, and the heat or cold of the air or of the soil in which a 
crop and its parasites are growing may be decisive in determining the presence 
and the amount of a disease. Many crop parasites are limited in their distribution ; 
they fail to become established when introduced into areas where either the maxi- 
mum or minimum temperatures reached, or the seasonal fluctuations, are such 
that they cannot survive. This is sufficient to explain why smut has not obtained 
a permanent footing in the maize crop of southern England and the Channel 
Islands or in the Egyptian crop of onions, nor potato blight and wheat bunt in the 
hot plains of India. Even heavy artificial inoculation has failed to induce wheat 
bunt at Pusa, while onion smut was reported in 1926 to be unknown in the Gulf 
States though constantly distributed to them on setts from the northern United 
States. 

Humidity appears to act less frequently as a limiting factor in the distribution 
of parasitic fungi, though, combined with temperature, it is responsible for the 
exclusion of citrus scab {Elsinoe fawcetti) from the Mediterranean region and 
California however, moisture is all important in the annual fluctuations in 
the numbers of individual parasites and their spores. Light, the third of the 
meteorological factors aflFecting plants, is of much less significance in controlling 
the actual distribution of fungi than either heat or moisture, but it is sometimes 
concerned in the development of sporing stages and hence can be a factor in 
dissemination, while shade and the length of day are occasionally important in 
the incidence of disease. 

158 
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Fig. 126. — Influence of temperature on fungal growth. Fusarium dianthi on Brown’s medium. 
Incubation, 3 days. Ay relative size of colonies at 5° C. ; B, at 20" C. ; C, at 25” C. ; D, at 
30° C. 


Variations in one environment factor may alter the action of the others. Thus, 
it has been found that no single temperature could be considered to be the optimum 
for growth of any of eight species of wood-rotting Basidiomycetes when tested 
on different good nutrient solutions The same seems to hold for strains of 
Actinomyces scabies from potatoes ^^9), Similarly, the range of humidity over 
which a fungus will grow is greater the more nearly the fungus is kept to its 
optimum temperature for growth and this also extends its range, as in Fames 
anmsus while its temperature range is greatest when the humidity is near 
its most favourable point Indeed, it seems that when any one of the factors 
that influence growth rate is changed so as to lessen the rate, the resistance of the 
fungus to the other factors is also decreased. 

It might be expected that comparison between the plant diseases of areas with 
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Fig. 127, — Influence of relative humidity on fungal growth. Cultures grown in open Petri dishes 
(enclosed in large, sealed crystallising dishes containing variable concentrations of sulphuric 
acid). A, at centre, over the pure acid, no growth, the medium drying quickly. B, over the 
50 per cent. acid. C, over 30 per cent. acid. I), over 10 per cent. acid. E, over water, the 
mycelium {Fusarium dianthi) growing over the edge of the dish. Three days’ incubation at 
20° C. 

differing climates would be difficult because the host plants would not be the same. 
However true this may be for the wild plants it is much less true of the major 
cultivated crops. The latter have been subjected to long periods of artificial 
selection in such fashion as greatly to extend their original geographical range. 
Wheat and potatoes, for instance, are grown over very considerable ranges of 
climate, their present adaptation to which sometimes pays tribute to the remarkable 

skill of the plant breeder. Their 
parasites, on the other hand, have not 
been subjected to the same human 
influence, and they have had to follow 
the hosts as best they could. In the 
larger continental areas, such as the 
United States and India, the wheat, 
sorghum, maize and potato areas are 
much wider than the areas in which 
certain of their parasites are found. 
Still there are a good many parasites 
whose range is greater than that of 
certain of their hosts (the ‘ damping 
off’ fungi, Pythium and Rhizoctonia, 
for instance). Furthermore, even 



Fig. 128. — Composition of the culture medium. 
On Richard’s solution (no agar), six days* in- 
cubation at 20® C. Af the colony filling the 
entire dish on the complete medium, the car- 
bohydrate being sucrose. R, without the 
carbohydrate. (F. dianthi) 
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Fig. 129. — Effect of changing the source of nitrogen in a medium containing maltose, magnesium 
sulphate, potassium dihydrogen phosphate. A, plus ammonium chloride B, potassium nitrate. 
C, asparagin. (F. dianthi ; at 20 C. ; six-day incubation) 


when host and parasite are both present it is by no means certain that disease 
will occur, for the host may prove to be resistant under the local climatic con- 
ditions. Tomatoes inoculated with the wilt-producing Fusarium hulhigermm var. 
lycopersici showed no symptoms of wilting when the air temperature was kept 
down to 17'' C., though the fungus will grow at considerably lower temperatures 
than this and though the roots were penetrated by it ; when the soil was warmed 


to the optimum for the disease (about 
27° C.) root infection was heavy but 
visible wilting still did not occur provided 
the air was cool In England this 
fungus causes wilt only during periods 
of high temperature (above about 80° F,), 
the usual cause of tomato wilt being 
V erticillium albo-atrum and V. dahliae 
(Part II, p. 669) and the disease develop- 
ing most rapidly about 22° C. (71° P\) 
when due to these 

In Chapter III the influence of various 
environmental factors, including tem- 
perature, moisture, and light, on the 
germination of fungal spores has been 
mentioned and their significance in the 
pre-penetration stage of a parasitic attack 
stressed. The effect of these factors on 
the actual progress of a disease remains 
to be briefly considered. As already men- 
tioned, the conditions prevailing within 
the crop (the ‘ microclimate *) may be 
much more important than those shown 
by the standard meteorological equip- 



Fig. 130. — Staling of the medium and incidence 
of sporulation. A culture of Fusarium sp. 
showing concentric rings of spore formation. 
At the centre, growth at the start is fairly 
even, with even distribution of spores. 
Later, the growth of the fungus outwards 
into the medium sets up zones of sterile 
mycelium with alternating sporulating zones, 
as intermittent staling of the medium in the 
zones occurs. Other fungi produce asimilar 
concentric effect in cultures when exposed 
to alternation of light and dark 
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ment in their influence on spore production and germination. This is equally true 
at times for the later stages, when the parasite has become established in the host. 

Temperature 

The influence of temperature upon the inception and course of a parasitic 
disease, that is upon the host and parasite in their communal life, is not necessarily 
the same as that upon either of the two when living alone. Conditions that are 
favourable to the one may be equally, or more, or less favourable to the other, 
while sometimes both are found to withstand conditions which prevent the 
development of disease. The often delicate balance that is established between 
host and parasite may be upset by temperature variations. A cold snap in summer 
may be followed by an outbreak of rust in wheat, or onion mildew may come out 
to the surface of the leaves to form an efflorescence of fructifications in a systemic- 
ally infected variety when warm and moist (‘ muggy ') weather sets in. In several 
of the seed-borne diseases or those caused by infections from the soil, the climatic 
conditions at the time of sowing may determine whether the crop will be injured 
or not ; the correlation between low soil temperature during, germination and 
the incidence of bunt in wheat has been frequently observed. Some examples 
of the influence of temperature on particular diseases will, perhaps, best illustrate 
the kind of effect that may be produced. 

The disease known as ‘ sore shin * of cotton in Egypt is caused by the almost 
ubiquitous soil fungus, Rhizoctonia solani. The damage done by this disease, 
which often necessitates re-sowing, is usually restricted to the seedling stage. 
Once cork forms, damage ceases. Both parasite and host plant have similar curves 
of accelerated growth with rising temperature, ceasing about C. In the fungus 
the cessation of growth appears to be due to auto-intoxication or ‘ staling * from 
the products of its own metabolism. At lower temperatures these are formed 
too slowly to inhibit growth, but at about 33'' to 37*^ they form too rapidly to be 
outgrown. At 33° the cotton is near its optimum temperature for active develop- 
ment, and can form defensive cork rapidly. The early sown Egyptian crop at 
the end of February or March finds temperatures of, say, 20"" to 25° which enable 
the fungus to penetrate the root and pass from cell to cell, destroying the tissues 
before its toxic products have time to accumulate. At about 33°, in the later 
sowings in April or May, the parasite is checked after producing only a small 
scar, occluded by wound cork. At 37*^ not even a scar is produced. A cold spell 
of only a few days in May, however, will cause the death of many seedlings. In 
the greater heat of the Sudan at cotton sowing time, sore shin is negligible. Thus, 
in this disease temperature in "the early seedling stage influences the attack by its 
action on both host and parasite, though mostly on the latter 

Another very striking case of a similar influence of temperature is found in 
the seedling blight of maize and wheat caused by Gibberella zeae (Part II, p. 401), 
in the United States. The corn (maize) belt extends much further to the south 
than wheat can grow successfully, but not so far north as wheat. It was noticed 
that the southern part of the maize belt and the northern wheat areas escaped this 
disease. It was found by experiment that the favourable soil temperature for 
infection of maize was between 8® and 20"^ C., infection being most severe between 
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12^^ and 16°, With wheat, on the other hand, infection occurred between 12° and 
28°, but was most severe about 24°. The fungus can grow normally over a wide 
temperature range from 3° to 32°, though its optimum for growth is about 24® 
to 28°. Spring wheat is favoured by a temperature range of about 16° to 20°, 
winter wheat about 12° to 16°, and maize about 24° to 28°. Hence seedling 
blight is found in both crops when they are grown outside their optimum tempera- 
ture range, wheat too far to the south, maize to the north. Histological and 
biochemical studies of the roots have shown that, at the low temperature for maize 
and the high temperature for wheat, the cell walls remain for a considerable time 
in the primary pectic condition, easily penetrated by the hyphae. Under the 
converse conditions the cell walls are rapidly thickened by deposits of cellulose 
on them, so that they are less readily penetrated by the fungus. The metabolic 
processes responsible for this variation in development have been referred to 
above (Pathogenesis II, p. 139). In this example the influence of temperature on 
the disease acts mainly through the host plant. 

J In a crop such as wheat, cultivated through long ages in many climates, it is 
possible to group the races into ecotypes adapted to extremes in the climatic 
range of cultivation. Tests in a collection of such ecotypes near Leningrad have 
recently shown that those from northern regions wintered well and resisted the 
attacks of the ‘ snow mould ^ fungus, Fusarium nivale {Calonectria graminicola) 
(Part II, p. 479), while those from the south were badly attacked 

Unfortunately it is not possible to generalise from these examples. Other 
root diseases of wheat are favoured by temperatures near the optimum for its 
root development and are absent when the soil temperature is higher, unlike 
seedling blight. ‘ Club-root ’ progresses most rapidly and severely in cabbage 
roots in soil at about 20® C., the optimum for growth of the roots. Furthermore, 
in a seedling disease of swede turnips in which a species of Pythium was concerned, 
the pre-emergence killing by this fungus was greatest at low soil temperatures 
(about 6° C.), whereas the damping-off of the seedlings after emergence was 
greatest at 23° when pre-emergence deaths were at a minimum The delayed 
emergence at the lower temperature is a likely reason for the enhanced mortality 
at ^his stage., 

^ A simple temperature effect appears to be the heavy mortality of spruce 
seedlings in nurseries in some parts of Central Europe in June from attacks by 
both Pythium de baryanum and Fusarium bulbigenum. The latter does little harm 
below about 30° C., whereas the Pythium is active above about 15°. At 30® both 
are destructive 

A temperature effect of great importance in some parts of the world is the 
prolongation of the incubation period of certain diseases, especially the rusts, by 
low temperature. The over-wintering of the cereal rusts Puccinia glumarum^ 
P . trtticina^ and P. dispersa (but not P. graminis) is attributed to long incubation 
periods in the mycelial stage within the autumn-sown plants, especially when these 
become covered with snow, as regularly occurs in Russia, Even in P. graminis, 
which is seldom found to survive in this manner, experiments in the United 
States showed that its first sori only appeared after about 70 days at a tempera- 
ture of o'* to C,, while they are occasionally seen in midwinter in France. 
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There is some evidence that high temperature may have a similar effect, for the 
incubation period of the uredo stage of P. graminis may be prolonged in the hot 
weather in India from the usual lo or 15 to 35 days. 

In recent years, and particularly in 1935, spring frosts caused serious reductions 
in the fruit crop, which led the Ministry of Agriculture to institute an enquiry 
into the effect of meteorological factors on the distribution of frost damage 

It was found that spring frosts were of two main kinds, radiation-frosts and 
wind-frosts. These occur in the proportion of about two radiation-frosts to one 
of wind-frosts. A radiation frost has the following characteristics. It occurs 
only on a calm clear night, when there is insufficient wind to stir up the air layers, 
and no cloud to ‘ blanket ’ the earth. I'he heat in the soil, plants, and air passes 
by radiation into the sky. Relatively cold air that forms on a hillside is denser 
than warmer air and moves downhill at about 3 m.p.h., forming a katabatic wind. 
On and near hill-tops a relatively warm wind is found, which is the day wind 
persisting at night. Hence a radiation-frost causes cold valley-air and warm hill- 
air. Observations made on a hill which rose 600 feet above a valley showed that 
temperature differences of 12° F. were common in radiation-frosts. In level 
fields on calm clear nights air temperature at 3 feet above the ground varies with 
the vegetation. Long dense grass gives rise to the coldest air and bare soil to 
warmer air. Temperature differences of 6® F. may be caused in this way. Damage 
caused by a radiation -frost is confined chiefly to valleys and to low fruit trees 
growing among long dense grass. Measures which are most likely to prove 
beneficial under these conditions are the use of orchard heaters, the shortening of 
grass, and covering plants with light screens of hessian. 

In a wind-frost the air has been cooled in polar regions to a temperature below 
freezing point, and blows across country, usually at a speed of more than 3 m.p.h. 
There are no katabatic winds, and the hill air is colder than the valley air at the 
rate of 1° F., for every 300 feet of ascent. Vegetation has no effect on these nights. 
A wind-frost damages crops on hills more than those in valleys. Fortunately, 
in the spring the temperature in a wind-frost is not so low as that in the more 
severe radiation-frost. Orchard healers are not effective in a wind-frost. Straw- 
berries may be covered with hessian 

Moisture 

While temperature is the main controlling factor in the geographical distribu- 
tion of disease, moisture is probably more important in the local fluctuations of 
diseases within a particular climate, such as is found in the greater part of the 
British Isles. Not only the total rainfall of a locality or season must be taken into 
account but also the prevalence of fog and dew. The infective process requires a 
degree of relative humidity that is more or less high according to the fungus 
concerned ; with the cereal rusts it has to be usually above 92 or 93 per cent., 
with bean tmX {Uromyces appendiculatus) at or above 95 per cent., but with Erysiphe 
graminis it may be beloW 75 per cent. The influence of moisture and temperature 
on potato blight will be referred to later (p. 168). 

The wilt of tomatoes caused by Fusarium bulbigenum var, lycoperski has been 
found to be worst in a moderately damp soil, the disease being checked when the * 
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soil is either very wet or very dry In the very wet soils, at least, the inhibiting 
action appears to be associated with the metabolism of the host, and shows a 
correlation with the absence of nitrate nitrogen ; this absence does not inhibit 
infection but increases the plant's resistance to the toxic effects of the fungus. 
Infection of wheat by Fusarium culmorum (Part II, p. 389), is stated to be much 
more prevalent in soils with a moisture content equal to 30 per cent, of saturation 
than in those with 50 per cent, or more ; in this case the factors involved are 
thought to be increased aeration of the parasite (a weak one under the cond^ions 
of the experiments), and possibly injury to the host, at the lower humidity 
The progress of Urocystis occulta in winter rye is definitely expedited in dry soil 
(25 per cent, of the water-holding capacity) 

Several diseases are known to be influenced by the water content of the host. 
This may affect the penetration of the parasite through the surface or its subsequent 
growth in the tissues of the host. The turgor of the cells has a bearing in some 
of these cases. Flaccidity of the leaves hinders infection by the tomato leaf mould, 
Cladosporium fulvum, A lack of turgor may inhibit attack by Botrytis cinerea on 
potato tuber tissues J It also reduces the dissolving action of the pectinase produced 
by this fungus as well as by a cruciferous strain of Rhizoctonia solani, when extracted 
and used alone. The flooding of the intercellular spaces with water, either by 
injection or naturally (as by driving storms of rain or when high air humidity, 
perhaps accompanied by a fall in temperature, checks transpiration at a time when 
the vessels are water-laden), increases the growth rate of the pathogen and the 
susceptibility of the host in the bacterial diseases of tobacco ‘due to Pseudomonas 
tahaci and Ps. angulata and also in firelight {Bact, amylovorum) of pear and apple 
This tendency to flooding of the intercellular spaces is increased by low potassium 
and high nitrogen fertilisation. By itself, even without the presence of pathogenic 
organisms, it can cause injury if prolonged, so that its eflFect on the diseases should 
not be over-rated ^^3)^ Very wet potato tubers kept at a moderate temperature do 
not resist Botrytis cinerea well, owing to delayed suberisation While, as just 
mentioned, the enzyme from a cruciferous strain of Rhizoctonia solani was most 
active on turgid swede tissue, the injection of water into the tissues of the swedes 
made them much less susceptible to attack by the fungus itself. The reason for 
this difference between the action of the enzyme and of the fungus, so unlike 
what occurs in Botrytis^ is unknown On the other hand, the moisture content 
of the potato tuber seems to be without effect on the aggressiveness of Alternaria 
solani, (^^Ehe rate of growth of the potato blight fungus, Phytophthora infestans, 
within the tissues of infected leaves is directly proportional to the water content 
of the leaves ; its spores also are produced more freely the higher the moisture in 
the tissues, though, as mentioned in an earlier chapter, their immediate germina- 
tion is best secured if they are exposed to a short preliminary period of drying. 

It is not easy to find explanations of the effect of water content of the host 
tissues’ on the course of a disease that will cover the observed facts. There is 
evidence that certain parasites of the wood of trees are dependent for their activity 
on aeration, which in turn depends on the water content of the vessels. Aeration 
tnay also be necessary for some of the intercellular parasites. Speed in host 
reaction to attack, as by lignification or suberisation of the membranes, may also 
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be a factor of importance in some cases. But the factors concerned in other cases 
are more complex and are not clearly understood. 

The factors conducive to attack by the powdery mildews, such as Erysiphe 
graminis have been closely studied in Italy \ In particular the receptivity 
of the host plant is correlated with the turgor of the tissues. Plants such as 
cereals, oak, rose, and others commonly affected by these fungi are relatively 
resistant to attack so long as their green parts are fully turgid, but when they 
lose turgidity, as from hot or dry air or dry soil, they are readily infected. The 
Erystphaceae do not differ materially from most other fungi in being favoured 
by humidity, though their moisture requirements for spqre germination and 
infection are well below those of potato blight and the rusts. iBut even in hot dry 
summers, such as that of 1921 in southern England, when niildew was unusually 
prevalent on many plants, there are sufficient cool nights and dew deposits to 
secure a copious supply of conidia, and it is to the succession of hot dry days with 
dry soil and cool nights with increased humidity that outbreaks of this class 
of diseases are attributed. With a limited root system such as may result from 
heavy manuring or high soil moisture during the plant’s previous growth, a 
mere increase in air temperature or dryness may induce ffaccidity of the leaves 
even when soil moisture is ample. There are difficulties, however, in explaining 
fully the susceptibility of plants to the powdery mildew on a basis of turgor alone. 
Artificial infections at Cambridge have shown that parasitism can be established 
in forty-eight hours in a saturated atmosphere, and conidial chains appear in ninety- 
six hours In India, too, observations have been recorded that the mildew 
on tobacco is frequently restricted to the shaded parts of fields, as under trees, 
though these should be less likely to be affected by conditions leading to loss of 
turgidity in the leaves. Radiation may be a dominant factor in this case. 

^ Moisture may be a factor of importance in the infection of twigs by the fire- 
blight organism, Bact, amylovorum. The continuous cork barrier formed in the 
cortex in advance of the lesion develops rapidly when moisture is low, as it does 
in resistant varieties of the host, but is delayed when the air is humid or the variety 
susceptible 

Radiation 

There is less evidence of the effect of light and radiation on plant diseases 
than of that of either heat or moisture. The intensity and actinic power of sun- 
light has been invoked to explain cases of greater prevalence of apple mildew at 
the top of a sloping orchard than at the bottom where the sun only reached late 
in the afternoon, and of oak mildew in exposed situations. The conidia of the 
latter fungus are produced much more vigorously on shoots exposed to the light 
than on those in the shade Continuous artificial illumination throughout 
the whole twenty-four hours will prevent Erysiphe graminis from becoming 
established on wheat, though if the exposure begins after infection is well developed 
continuous illumination is rather favourable to the fungus In the other direc- 
tion, it has been stated that extremely virulent attacks of Thielaviopsis basicok on 
beans (Phaseolus vulgaris) can be provoked by drastic shading, while shade makes 
mature plants of Hope wheat as susceptible to race ' 21 ' of Puccinia gramtms 
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tritici as seedlings in the upper Mississippi valley, where the intense sunlight 
ordinarily confers resistance once the seedling stage of this wheat is past 

In an ecological study of the parasitic fungi of a valley in the Pyrenees up to 
2,000 metres, radiation was found to be the most important factor influencing 
the vertical distribution of the parasites Here again the oak mildew was 
most prevalent towards the top, as were some of the rusts, while other rusts 
flourished best near the bottom of the valley. Experiments in the United 
States indicate that certain rusts are not affected, while others are diminished in 
their prevalence and intensity, by darkness during and subsequent to the time of 
infection. In ‘ artificial sunlight ’ a six-hour day increased the length of the 
incubation period of Puccinia glumarum on barley, as compared with a twelve-hour 
day, by nine days. High light intensity (960 foot-candles) nearly halved the in- 
cubation period found in ordinary daylight with this rust, but prolonging the 
daylight artificially beyond twelve hours caused a normally fully susceptible variety 
to become highly resistant On the other hand, artificially lengthened daylight 
increased the percentage infection of winter rye with the smut Urocystis occulta 

That light, through its action on the carbohydrate nutrition (photosynthesis) 
of the plant, can have a marked effect on organisms living within the tissues is 
shown in striking fashion by its action on the symbiotic bacteria of the nodules 
of the Leguminosae. ^ As mentioned in Chapter IV, when the host plants are kept 
in darkness the bacteria become actively parasitic in the roots (p. 156). 

Wind 

Wind is a factor of primary importance in the dissemination of many diseases 
and its significance in the annual recurrence of wheat rust in certain areas in 
North America and India, and in the dispersal of the winged green flies that carry 
certain virus diseases to the potato crops in Great Britain, is discussed elsewhere. 

It has already been stressed that neither the parasite nor its host is ordinarily 
a constant entity, but that both usually consist of populations which vary 
amongst themselves to a greater or lesser degree in different areas. This affects 
their reaction to diseases. It has been found, for instance, that physiologic 
races of Puccinia glumarum showing similar virulence and rapidity of spread 
under one set of conditions may have quite different epidemiological significance 
under others, owing to variations in the rate of germination of their uredospores 
and in their ability to withstand high temperatures 

It is obvious that meteorological factors can have very different effects on 
primary and secondary infection in a crop. In the black arm disease of cotton 
caused by Xanthomonas malvacearum^ the development of primary infection in 
cotton seedlings, which in nature usually comes from infected seed or contaminated 
cotton debris in the soil, is chiefly governed by the mean soil temperature at the 
time of sowing and for the first few days of germination. The lowering of tempera- 
ture as a result of rain at this period may have disastrous effects, but subsequent 
variations in soil temperature are of little consequence. Primary infection is 
also higher at soil moistures approaching saturation for the particular soil type ; 
It varies at a given soil temperature and soil moisture with the type of soil. Second- 
ary infection, which in nature is frequently the result of driving rain storms, 
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depends on the mean air temperature prev^iJiling during the incubation period of 
the disease. The actual air temperature at the time of inoculation was found in 
artificial inoculations to be unimportant, while air humidity was important only 
during a short period (less than forty-eight hours) following inoculation, in that 
it controlled the time during which the infective droplets persisted on the leaves ; 
variations in atmospheric humidity had little direct effect on the disease after its 
establishment. Though light is not a factor likely to be of significance under the 
natural conditions of the areas where the disease is serious, experiments have shown 
that plants kept in total darkness are relatively resistant to black arm infection 

The bad epidemic of black rust of wheat in the main wheat-growing areas 
of the United States in 1935 was due to a combination of circumstances. The 
crop in Texas matured late and under conditions of favourable temperature for 
rust and of high humidity Southerly winds carried the inoculum, which was 
produced over a long period, to the north. Kansas had similar conditions in May 
and June and contributed to the dissemination of the rust northwards ^26), The 
rust over-winters successfully on wheat in Texas and the importance of this focus 
of infection far outside the State boundaries has been discussed in Chapter I. 

A case like this last is straightforward enough, for it depends on the facility 
with which the parasite can reach the host in sufficient numbers and under suffi- 
ciently favourable conditions to provoke an epidemic. In other cases it is the host 
plant on which seasonal variations of weather have their chief effect, as in the 
spring infections of apple trees with scab ; tests at East Mailing showed that the 
stage of development of the trees varied much more in different seasons than 
the date of discharge of the ascospores of Venturia inaequalis, and if spraying is not 
adjusted to meet these variations (the second spraying should be finished before 
the ‘ pink bud ' stage) the disease may become established. 

Most of the cases that have been cited above are due to temperature and moist- 
ure conditions which directly affect the parasite or its host. Light and shade 
effects, however, seem to act on the disease as a whole (the ‘ host-parasite complex ') 
and is it much more difficult in such cases to determine the real causes of the 
result. 

Forecasting Outbreaks of Disease 

Forecasting services have been organised in some countries (France, Germany, 
Italy) in order to notify vine-growers of an impending outbreak of vine mildew 
(Plasmopara viticola) (Part II, p. 833) so that spraying may be undertaken in 
advance of the attack They are based on knowledge of the meteorological 
conditions influencing the germination of the spores of the parasite, infection from 
these, incubation in the tissues, and subsequent sporulation. The similar services 
for spraying against apple scab in the United States and Canada are based mainly 
on the occurrence of conditions favourable for the discharge of the over-wintered 
ascospores of the fungus, a source of primary infection of major importance in 
some, but not in all, parts of England. 

Attempts have been made with some success in Holland ss) and Eng- 
land to forecast outbreaks of potato blight from its known weather require- 

ments. Humidity is the chief of these so far as local fluctuations are concerned. 
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but temperature, which is the main factor in the geographical distribution of the 
disease, also plays a part in its prevalence within endemic areas. Work (mainly 
in the United States) ^^2) has shown that the zoospores of the fungus are liberated 
most rapidly and copiously at the rather low temperature for summer time of 
10° to 13° C., and they swim about in water longer at low than at higher tem- 
peratures (24 hours at to 2° C. but only 15 minutes at 24° and rapid killing above 
28°) ; at high temperatures (up to nearly 30°) the sporangia mostly give rise to 
germ-tubes instead of zoospores. At still higher temperatures, but yet below 
those that injure the tubers, the mycelium of the fungus is killed ; it cannot be 
maintained in culture above 32"^, though within the tissues it can survive short 
exposures up to 40^. Infection from the germ-tubes produced by the zoospores 
can establish the parasitic mycelium within the host in zl hours from germination 
at temperatures from 10° to 25"^, but the growth of the parasitic mycelium is most 
rapid and the incubation period (appearance of visible lesions) shortest at 20® 
to 23°. Records obtained by the United States Weather Bureau indicate that 
blight makes its most rapid development when the daily average temperature is 
about 72° F. (22*2° C.). A relative air humidity of 95 per cent, or more for a 
duration of 8 hours is necessary for free production of viable sporangia, and another 
II or 12 hours are required, with free water on the leaves and a temperature 
neither too warm nor too cold, for the germination of the sporangia, the dispersal 
of the zoospores by swimming, their germination, and the infection of the leaf 
To secure successful penetration of the leaves they must be kept damp for i| 
hours at 20'^ to 25°, 2 hours at 15"^, and 2| to 3 hours at 10°. 

In the south-west of England, where the attempt to forecast outbreaks of blight 
has been in progress for a number of years, a day is counted as favourable for the 
spread of the disease (which is present to some extent in the fields every year) 
when there is : (i) dew either the night before or in the morning, (2) minimum 
temperature not below 50"^ F., (3) sunshine of less than 5 hours, (4) rainfall of at 
least o-oi inch, (5) relative humidity at 3 p.m. (when experience has shown that a 
high humidity generally indicates high humidity all day) not less than 75 per cent. 
If warm dry weather succeeds such a day no outbreak will follow, but if these 
conditions are prolonged or recur every few days a generalised attack may be 
expected. So important is the humidity factor that in the counties of Devon and 
Cornwall the 3 p.m. humidity alone from late June to September may serve as a 
danger signal of probable outbreaks In Holland the pre-requisites are held 
to be (i) night temperature below the dew point for at least 4 hours, (2) minimum 
temperature about lo"" C. or above, (3) minimum degree of cloudiness next day 
0-8 or above, (4) rainfall of at least o*i mm. during the next 24 hours ^^4), High 
temperatures such as govern the geographical distribution of the disease in the 
United States and India are not sufficiently prolonged in the British Isles to prevent 
its annual recurrence. 


Soil and Nutritional Factors 

Next to the meteorological conditions of the environment which influence 
plant diseases, those of the soil, its composition, texture, water content and so on, 
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are of the greatest importance. Unlike the weather, which cannot be changed and 
only rarely can be ‘ dodged ’ by altering sowing dates, soil conditions can be 
modified by cultivation and manuring. Much work has been done on the influence 
of fertilisers on plant diseases and this also requires consideration, though the 
analysis of the factors involved is not less difficult than that of climatic factors, and 
clear-cut results are hard to obtain. 

The Influence of Soil Conditions on Disease 

Soil conditions may affect the parasitic fungi that attack mainly the roots of 
plants ^*7), These organisms may be strict aerobes and unable to survive in closely 
textured or water-logged soils, or the soil reaction may be too acid or too alkaline 
for their normal development. Soil conditions also affect to a marked degree the 
host plants, whether by modifications of structure or of physiological function, 
both of which may influence their resistance to disease. This appears to be very 
noticeable in the irrigated orchards and gardens of the Nile Valley, where a high 
water table increases the injury caused to peaches, plums, and apricots by rust 
(Puccinia pruni-spinosae) (Part II, p. 760) and shot hole {Clasterosporium carpo- 
philum) {Part II, p. 776), by Sphaerotheca pannosa (Part II, p. 855) to peaches, 
and by Erysiphe cichoracearum (Part II, p. 644) and Colletotrichum lagenarium 
(Part II, p. 647) to vegetable marrows and watermelons 

Of recent years, numerous surveys have been made of the fungi living in the 
soil. Taken as a whole these show that a distinct soil fungus flora can be recog- 
nised. Most of the organisms thus repeatedly found are, however, either sapro- 
phytes or weak or unspecialised parasites, capable of attacking many hosts under 
suitable conditions but, when the land is fallow, capable of supporting a prolonged 
non-parasitic existence. Several of the damping-off fungi such as Rhizoctonia 
and Pythium belong to this class. In addition, however, many soils contain more 
specialised and more virulent parasites which appear able to support life in the 
soil only for a certain length of time in the absence of their proper hosts. When 
such fungi produce durable spores or sclerotia they may remain dormant in a 
soil for years, at least ten in the fungus that causes wart disease of potatoes. In 
some parasitic fungi, especially those in tree roots, survival after the death of the 
host may be limited only by the rotting of the roots, which may take years. Closely 
allied fungi, such as different species of the genus Fusariuniy may belong to these 
two main groups : some may be true soil inhabitants normally found in the soil 
of a particular region, others are soil invaders and disappear more or less rapidly 
when the plant whose roots they attack is killed. This failure to survive is pro- 
bably due to inability to hold their own against the competition for food, etc., 
of the other soil organisms, as well as susceptibility to injury from metabolic 
pr<i>ducts excreted by the latter. The wilt-inducing species of Fusarium mostly 
belong to this second group and hence they can ordinarily be avoided by rotation 
with non-susceptible crop plants. 

Most of the work on the influence of soil conditions on parasitic fungi relates 
to the group of soil invaders. Many of these appear to be favoured by good 
aeration and develop best in open or light soils. This seems to be true of the 
Fusmum parasites, smuts, foot-rotting fungi of cereals such as that causing take- 
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all, the collar-rotting Sclerotinias, and common and powdery scab of potato tubers. 
In some of these it is difficult to secure infection in heavy clays. Reaction is also 
of importance in a number of diseases. Its influence seems to be quite fortuitous, 
that is to say, it is impossible to anticipate on present information and without 
testing whether a particular parasite or type of disease will be favoured by acidity 
or alkalinity. Some of the species of Fusarium that cause vascular wilts and seedling 
blight and root rot of cereals do most damage in an acid soil {F, bulhigenum var. 
lycopersiciy F» vasinfectum, F. culmoruniy etc.), others in an alkaline one {F. orthoceras 
var. pisi). Potatoes growing in acid soils are most liable to injury from powdery 
scab, those in alkaline from common scab. Even the two common vascular wilt 
diseases of the tomato differ in this respect, that caused by Verticillium albo-atrum 
being favoured by an alkaline soil, while that caused by Fusarium bulbigenum var. 
lycopersici is worst in acid soils. Other important diseases favoured by acid soils 
are club root of crucifers, wart disease of potatoes, and several tree root rots, 
including that caused by Armillaria mellea. How far the prevalence of certain 
types of root rots in impermeable soils may be due to acidity and how far to 
accumulations of CO^ or toxic substances in these soils is not known. Among 
the fungi favoured by an alkaline soil reaction Ophiobolus graminis is one of the 
most important and most fully studied. The relation in this case affects only the 
parasitic phase of take-all. At Woburn little or no disease occurs at a^H5 or less 
and in South Australia it is never severe on neutral or acid soil but often causes 
epidemics in sandy soils at It has been suggested that growth of the 

fungus along the roots is checked in acid soils by the accumulation of respiratory 
carbon dioxide in the neighbourhood of the root, whereas in alkaline soils the 
CO2 is rapidly disposed of. In support of this view is the fact that forced aeration 
of acid soils destroys their inhibiting action. 

Another soil condition that may profoundly affect the parasitism of fungi that 
attack underground parts of plants is the above-mentioned competition, or even 
sometimes the antagonistic action of the pre-existing soil inhabiting fungi with 
parasitic soil invaders. The importance of this factor has been particularly stressed 
in studies of the biology and parasitism of Ophiobolus graminis (Part II, p. 377) and 
Actinomyces scabies (Part II, p. 486) in England and of several parasites of cereals, 
potatoes, and flax in Canada and the United States. Potato scab can be reduced 
by green manuring and ploughing in organic material, because of the antagonistic 
action of saprophytic species of Actinomyces and other organisms which develop 
in abundance on the fresh organic matter ^4)^ A difficulty in infecting wheat 
with the ascospores of the take-all fungus was overcome when the seedlings were 
grown in sterilised soil, while in experiments in Canada and England not only 
was infection by this parasite suppressed by the antagonistic action of several 
fungi and bacteria but the filtrates from the cultures in which the latter grew had 
the same effect ; the effect was most marked under acid conditions. This 
factor rather than CO^ accumulation has been held in Germany to explain the 
poor growth of O. graminis in compacted soils In Canada also it was found 
that the growth of Helminthosporium sativum in sterilised soil might be completely 
suppressed by the addition of a little unsterilised soil This cereal parasite 
appears to be very sensitive to growth inhibition by other fungi in culture, as it 
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was unable to grow on nutrient agar nearer than 15 to 25 mm. from colonies of 
Aspergillus niger and several species of bacteria. Similarly the seed-borne flax 
parasites Polyspora Uni and Colletotrichum linicola were shown in Canada, in- 
activated to a marked degree when the contaminated seed was sown in natural 
as compared with sterilised soil. The common soil inhabitants of the genus 
Tnchoderma have a marked destructive action on some of the less specialised 
hemi-parasites, such as Rhizoctonia solani and Pythium de haryanum. In the 
United States it has been found that Trichoderma lignorum behaves as a parasite 
on R, solaniy its hyphae coiling round those of the latter and killing them. The 
lethal action is due to a substance which can be extracted from the young hyphae 
or obtained by filtration. Filtration has also yielded a crystalline toxin from the 
culture media in which Gliocladium pmhriatum^ a mould antagonistic to Rhizo- 
ctomUy was grown. This ‘ gliotoxin * has a greater fungicidal effect on Rhizoctonia 
solani and Sclerotima fruciicola than copper sulphate and is also bactericidal ; 
its elementary formula and molecular structure have been described 

Of recent years extensive literature accumulated on the antagonisms of 

micro-organisms — of fungi against bacteria, of fungi against fungi, in mixed 
cultures. The more important investigations are, perhaps, those concerned with 
the action of various Penicillia and Aspergilli in repressing the growth of bacteria. 
Even Penicillium notatum, however, the producer of ‘ penicillin represents a 
highly variable organism, some strains producing the substance in relatively great 
quantities, others producing little. 

The Influence of Nutritional Factors on Disease 

The influence of fertilisers and other nutrients applied to the soil on the 
initiation and course of plant diseases is more difficult to assess than that of the 
factors hitherto considered because of the modifications of structure and metabolism 
that may result from differences in the nutrient supplies of the host plant and may 
affect the entry and growth of the parasite. The vast amount of work that has 
been done on the effects of nitrogen, potash, and phosphorus on many diseases 
has added little to the conclusions reached long ago that high nitrogen increases 
susceptibility to many diseases affecting the green parts of plants, while potash 
increases resistance, and the influence of phosphates is variable. Many explanations 
have been given of these actions, some little more than guesses. The factors 
which determine the resistance or susceptibility of the host plant are mostly 
unknown ; they are often intimately associated with intracellular processes, and 
the substances concerned have seldom been identified. Variations in nitrogen 
level seem to act mostly on the cell contents, solutes, amino-acids, or proteins, 
while potash is known to intensify cell wall development and this has been corre- 
lated in several cases with resistance to parasitic attack. Actual tests of resistance 
of the membranes to mechanical penetration, as already mentioned, have shown 
a correlation between this resistance and resistance to a parasite. The considerable 
number of cases reported in which discrepant results have been obtained by different 
investigators, or in which no influence of the nutrient on the intensity of the 
disease could be detected, has suggested to some pathologists that other factors 
than nutrition have a preponderant effect. It may be noted that a similar difficulty 
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in obtaining precise and constant data on the influence of nutrition on parasitic 
diseases has been encountered by human and animal pathologists. 

It has been pointed out that, in endeavouring to determine the influence of 
particular fertilisers on a disease such as rust, varieties of the host plant should be 
selected that are neither highly resistant nor highly susceptible to the parasite 
In a very resistant plant the factors for resistance (possibly some constituents of 
the cell contents) may be present in such quantitative amounts that the modifying 
influence introduced by the treatment is insufficient to effect the change over from 
resistance to susceptibility ; the same quantity introduced into the cells of a 
moderately resistant plant, however, may turn the balance. This consideration 
seems to apply whatever the factors of inherent resistance may be, and equally to 
the reverse change from susceptibility to resistance. It has more than once been 
reported that while fully immune varieties are little, if at all, influenced in their 
reaction by nutritional treatment, varieties that are merely resistant can be modified 
to some extent (e.g. in club root of turnips) 

In cases where an influence on parasitic diseases from these three essential 
nutrients has been detected, it has generally been found that the intensity of the 
disease is least when a well-balanced ‘ complete ’ fertiliser is used. '^Fhus in 
experiments on potatoes in Lincolnshire it was found that the highest percentage 
of healthy plants was given by the ‘ well-balanced ’ plots, and that this increased 
up to nearly double that in plots receiving no manure with increasing quantities 
of the fertiliser, to the limit tested of one ton per acre. The diseases involved were 
blight and some tuber diseases such as those caused by Rhizoctonia solani (Part II, 
p. 524) and Colletotrichum atr ament ar him (Part II, p. 531). Excess nitrogen 
favoured disease, but this could be counteracted by an adequate amount of potash 
Other experiments, however, indicate that the increased susceptibility due to 
excess of nitrogen cannot be fully counteracted by any increase in the potash 
supplied. The number of healthy plants increased with increase in the potash, 
but a heavy dressing of phosphate appeared to decrease resistance in a manner 
similar to that caused by nitrogen. 

In the long-established and classical series of fertiliser experiments at Rotham- 
sted, the high nitrogen plots are the most susceptible to rusts, and the same is 
true in the plots on the lighter soil of Woburn, which have also been established 
for many years. It is of interest to note that while nitrogenous manuring has been 
observed to increase apple scab in England, grassing down of the orchard diminishes 
it <35 ) j putting an orchard under grass tends to deplete the nitrogen available 
to the trees. Prolonged investigations in the United States and elsewhere indicate 
that, on certain soils and under certain weather conditions, the increased sus- 
ceptibility to rusts of wheat receiving an excess of nitrogenous fertilisers is in 
large part due to indirect effects of the fertilisers in increasing the density of the 
stands and lengthening the period of exposure to infection. Similarly with crown 
rust of oats under different manorial treatments, the more vigorous host tissue 
supported a more luxuriant parasitic mycelium, though under a given treatment 
the largest plants had the least infection per unit area of the most severely infected 
leaf <39), ^Ee Woburn nitrogen plots, for instance that getting 

only nitrate of soda for many years, the growth of the wheat is far from luxuriant, 
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SO that density of stand cannot be responsible for the increased rust susceptibility 
observed in this case. Wheat and barley mildew, Erysiphe graminiSy is also worst 
on the nitrogen plots at Woburn, especially that getting nitrate of soda, and in 
general it has been found that the powdery mildews resemble the rusts in their 
response to fertilisers. In water cultures, also, it has been found that both rust and 
mildew are worst when the quantity of nitrogen required for healthy growth is 
doubled or trebled, and this occurs whether the nitrogen is given as sodium 
nitrate or ammonium sulphate ^^7), Ammonium carbonate, however, was found, 
in Italian experiments, to be much less potent than ammonium sulphate in equiva- 
lent quantities of nitrogen in enhancing susceptibility to cereal rusts 

In the United States some evidence has been obtained th^t both potash 
and phosphorus increase the resistance of wheat to Puccinia triticina (Part II, 
p. 358). The potash-starved plots at Rothamsted are always the first to 
succumb to wheat and mangold rusts in bad years of disease. Potash manuring 
is sometimes recommended as a means of decreasing damage from various parasitic 
fungi. In water cultures in which the amount of potash necessary for satisfactory 
growth was doubled or trebled, a reduction in the amount of wheat rust and mildew 
was obtained, though this effect did not fully neutralise the predisposing action of 
an excess of nitrogen. In some experiments in the United States, flax plants 
supplied with phosphates were more severely attacked by flax rust, Melampsora 
liniy than those receiving nitrates In these experiments the intensity of the 
rust attack was directly proportional to luxuriance of growth of the host ; plants 
receiving phosphate were particularly luxuriant, and the effect of the phosphate, 
therefore, may have been indirect. In the Italian water-culture experiments 
mentioned above, phosphoric acid given alone slightly increased the susceptibility 
to rusts, but when combined with potassium, resistance to oat and bean rust was 
increased, that to Puccinia glumarum on wheat was slightly diminished, and maize 
rust was unaffected. 

In such obligate parasites as the rusts and mildews, direct nutritional studies 
on the fungi are impossible, since they cannot be grown in culture on nutrient 
media, and only their behaviour as influenced by the nutrition of the host can be 
observed. In field experiments on them, modifications in the microclimate are 
caused by the variations in the density of the stand due to different fertilisers 
treatment, and it is difficult to distinguish between the effects of these two sets of 
factors. In water cultures, however, the microclimate can hardly play a part. 
Other factors that have to be considered are the intensity of carbon assimilation 
and the rate of growth of the plants, both liable to be affected by fertilisers. In 
general, it appears that active carbon assiimlation increases susceptibility to 
obligate parasites of the green parts of plants.'^It is possible to check the develop- 
ment of the uredo mycelium of some cereal rusts after infection by depriving 
the air around the plants of carbon dioxide. There is evidence also that the rusts 
do best on the plants making the most rapid growth and those having the greatest 
transpiration. Heating or cooling the roots so as to interfere with their normal 
functioning will sometimes check the uredo stage of cereal rusts. The interaction 
of these and other factors adds to experimental difficulties. 

Extensive tests have also been made in the United States of the influence 
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of the three fertilisers on the oat smuts, Ustilago avenae and U. kolleri (Part II, 
p. 403). When grown in sand alone or containing a complete nutrient solution, 
or the same with no or excess nitrogen, potassium, or phosphorus, there were 
marked differences in the rate of growth of the plants, the height, the number of 
tillers produced, and the length of the period from planting to heading; there 
were, however, no significant differences in the percentages of smut resulting 
from inoculation. Provided that the parasites were given suitable conditions for 
penetration into the base of the plant (in these smuts a soil temperature of about 
20° C., a low soil moisture, and a neutral reaction seem to be most favourable for 
infection), modifications in its subsequent growth, produced nutritionally, were 
without any evident effect on the amount of visible disease. With most smuts 
that infect during the seedling stage, any treatment that tends to delay the emer- 
gence of the seedlings from the soil may increase the chances of entry of the parasite, 
but this action must be distinguished from nutritional influences, which appear 
to be slight on this class of diseases. The results of experiments in Germany, 
in which potassium chloride dressings increased the amount of bunt in wheat, 
while phosphate and calcium cyanamide, especially the latter, reduced it, may have 
been due to action on the spores, or on penetration, rather than on the course of 
the disease. 

The influence of fertilisers on the late blight of celery due to Septoria apii 
(Part II, p. 630) has also been studied in the United States. As with flax rust, 
though S, apii is not an obligate parasite, it was found that, in a general way, 
anything that favoured the growth of the host increased susceptibility. Both the 
number of spots on the leaves and the size of the individual spot were affected in 
this way. Etiolated plants, grown in the dark for nine days, had less than half 
as many spots on each leaf, and these were smaller than those on the plants in 
normal light ; the reduction in leaf area in the darkened plants was not enough 
to account for this. Susceptibility was also much reduced when the plants were 
severely infested with the root knot nematode, Heterodera marioni. In the allied 
fungus, Septoria lycopersici, the cause of tomato leaf spot in the United States, it 
has similarly been found that favourable conditions for growth increase suscepti- 
bility, unfavourable diminish it. Enlargement of the leaf area by increasing 
amounts of sodium nitrate increased the number of infections ; while the leaf 
size was increased to a maximum of 77 per cent., the infections were increased 

55 cent. Phosphate and potash sometimes increased, sometimes diminished 
the leaf area and the number of infections in this case. It is difficult to secure 
successful infection with Cystopus candidus on plants heavily infested with green-fly, 
and both with this fungus and the cucurbit mildew, Erysiphe cichoracearum^ 
young leaves that have gone yellow may be immune. In many of the attacks by 
strong parasites there appears to be a critical stage of nutritional receptivity in the 
organ attacked, above which infection occurs, while the depleted organs become 
immune once their health is permanently lowered. Of the downy mildews 
generally it has been said that the more healthy a plant is, the more the parasite 
appears to prosper on it. 

Some of the cases cited show that it may be possible by judicious manuring 
to increase the vigour and the extent of the assimilating parts of a plant in greater 
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proportions than the increase in the development of its parasites, even when these 
are of a type that is favoured by the particular fertilisers used. The destructive 
coffee-leaf disease, caused by the rust Hemileia vastatrix\ first broke out in Ceylon 
in some of the best young plantations in the island, and its development is favoured 
by the luxuriance of the young foliage, but not to such an extent as to balance 
the improvement in growth caused by liberal manuring. Hence coffee-leaf disease 
is fought in some areas quite successfully by heavy manuring. The converse is 
naturally true also, for even a less severe attack on a weakly plant may do more 
damage than the heavier infection of a more luxuriant one. Disease endurance is 
often nearly as important in such cases as true inherited resistance. 

Many diseases have been reported to be favoured by unbalanced nutrition 
or by deficiency in one or other of the three primary fertilising elements or in the 
food reserves stored in the plant. Most of these, though by no means all, are 
diseases caused by less virulent parasites than those considered above. It is well 
known that there is a host of fungi and bacteria that ordinarily do little damage 
to plant organs in full vigour but that increase in their parasitic capabilities as the 
host plant becomes enfeebled from any cause. Unbalanced nutrition has been 
implicated in the cereal browning root rot in Canada, caused by Pythium arrJmw- 
manes ^ and the sugar-cane root rot in Hawaii which is associated with the same or 
allied species. A high nitrogen and low phosphate content is characteristic of 
the soils in which these diseases occur, l^hat other factors than nutritional may 
be involved in this type of disease appears to be shown by experiments with the 
sugar-cane Pythium root rot in Louisiana, where it occurs in water-logged heavy 
clay soils. Additions of salicylic aldehyde, one of the substances that accumu- 
late in soils under semi-anaerobic conditions, greatly increased the injury over 
that caused by either P. arrhenomanes or the chemical compound alone. Indeed 
the latter by itself, at the strengths used, had little effect on the growth of 
the cane. 

In a high proportion of the cases in which nutritional unbalance affects the 
incidence of parasite disease, the action is mainly, as might be expected, on the 
receptivity of the tissues of the host rather than on the parasite. Stored apples 
are liable to rotting from a number of weak parasites, and it has been found that 
the manurial treatment of the trees from which the apples were picked affects 
their liability to these fungal rots. For instance, Cytospora ludibimda has been 
found to produce a more active rotting, as judged by the rate of advance of the 
mycelium in the tissues, in apples from trees that had received sulphate of ammonia 
than from those receiving no nitrogenous manure. The resistance of potato 
tubers to the storage rots caused by certain bacteria was similarly found in Germany 
to be greatest when the plants were grown without nitrogen ; the heaviest injury 
occurred when the plants had received an excess of ammonium sulphate or calcium 
cyanamide, while the middle lamella of the cell membranes was most resistant to 
solution by the enzymes of the bacteria in tubers grown with an excess of potash 
but no nitrogen or phosphate. Resistance to the dry rot of the tubers caused by 
Fusarium caeruleum (Part II, p. 532) was highest in tubers from plants receiving an 
excess of potash and no nitrogen, and lowest in those deprived of potash. 

Sometimes, however, it is far from easy to decide whether the influence of 
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nutrition on disease is due to action on the host or the parasite or on the two in 
association. In the allied wilt diseases of cotton in America and pigeon pea in 
India (caused by strains of Fusarium vasinfectum or by distinct though closely 
related species, according as one defines loosely or tightly the limits of species in 
the genus Fusarium) the reaction to manurial treatment differs sharply. In the 
former disease nine years’ experiments carried out at fifteen centres showed that 
applications of potash reduced wilt in almost all cases, while acid phosphate in- 
creased it, as did, to a lesser extent, acid phosphate and nitrate together. In tests 
on a resistant and a susceptible variety of cotton, while the same general results 
were obtained, excessive applications of potash lowered yields in the resistant 
variety while not appreciably affecting those in the susceptible one. In much of 
the area covered by these experiments, however, the well-known symptom of 
potash deficiency known as ‘ rust ’ is common and the correction of potash hunger 
may be a factor in these results. In the pigeon pea wilt in India there is no indica- 
tion that potash deficiency contributes to the injury. In the series of ‘ permanent ’ 
manurial experiments started at Pusa shortly after its foundation, in which pigeon 
pea was one of the rotational crops and always showed some wilt, it became appar- 
ent after several years that the disease was markedly affected by the fertiliser 
treatment. Careful records during a number of years showed that applications 
of superphosphate at the annual rate of about 13 lb. phosphoric acid (P2O5) per 
acre or of farmyard manure sufficient to give 30 lb. nitrogen per acre, consistently 
increased the percentage of wilt, while green manuring reduced it. When a plot 
received green manure with superphosphate, more wilt occurred than in the no- 
manure plots, but the increase was always significantly less than when super- 
phosphate alone was used. Chemical fertilisers other than superphosphate had 
no consistent effect on the incidence of the disease. The value of the soil was 
not appreciably different in the different plots, and there was no relation between 
moisture content down to two feet and the percentage of wilt. The plants grew 
most luxuriantly in the superphosphated plots (average diameter of the main 
stem 50 per cent., and average weight of shoots at harvest time in two sets of plots 
37 and 47 per cent, greater than in those not given superphosphate), while in 
culture the rate of growth of the fungus increased with concentrations up to 0*5 
per cent, of the phosphate. The fungus remains in the soil from year to year, for 
there is only a small proportion of seed-borne infection, and it was shown to be 
able to spread nine feet through the soil during the growing season in the unmanured 
control plots, mainly along the roots which were traced for 6*5 feet laterally. But 
whether the soil treatment acts on the fungus or the host or the two in company 
is not evident. 

Similarly there is no evidence whether the increase in the eyespot lodging of 
rye, caused by Cercosporella herpotrichoides (Part II, p. 384), that has been observed 
in prolonged experiments in Germany to result from fertilising with nitrogen or 
phosphorus and nitrogen, without potash, is due to action on the fungus or on 
the host or on both when associated. A complete fertiliser or one deficient in 
phosphorus alone had no effect on the disease, which was reported as being generally 
most severe in the better soils. This fungus persists from year to year mainly on 
stubble or debris from previous cereal crops. It resembles the Fusarium wilts 
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last mentioned in having more decided parasitic tendencies than some of the 
species that rot storage organs, discussed earlier. 

In the truly obligate parasite Plasmodiophora brassicae (Part II, p* 559) it has 
been found that susceptible (but not immune) varieties of turnips had a higher 
percentage of infection when nitrogen and potassium were in excess, the nitrogen 
effect being the most marked. Lack of nitrogen also increased the percentage 
of attack but lack of potash greatly reduced it. In the other direction it has been 
reported in the United States and Australia that the pea-root rot caused by Aphano- 
tnyces euteiches (Part II, p. 609) is reduced by nitrogenous fertilisers. This, and 
the similar experience with the Texas root rot of cotton {Phymafotrichum omnivorum) 
are amongst the very few cases in which a beneficial result from nitrogenous 
applications to an annual crop has been recorded in pathological literature, but at 
least they serve to indicate how obscure the interactions in nutritional experiments 
may be even when nitrogen, the element which has given the most consistent 
results, is concerned 

As regards the influence of other elements than nitrogen, potassium, and 
phosphorus the effects sometimes produced by them are not clearly known to be 
due to any direct nutritional action. Deficiency diseases due to lack of iron, 
manganese, copper, and so forth (separately discussed in Chapter IX) are some- 
times accompanied by increased injury by certain parasites, but it would be 
stretching analogy too far to attribute the injury to nutritional factors. Calcium 
is chiefly of importance as affecting the reaction of the soil, though in some diseases 
its action appears to be on the metabolism of the host. Thus in Australian experi- 
ments with Urocystis tritici on wheat, calcium deficiency reduced, and calcium 
excess up to twice the ‘ normal ’ dosage increased, infection in the susceptible 
Free Gallipoli variety ; four times the normal dose had no effect, nor when the 
resistant Gurkha variety was used could a consistent action be observed to 
result from any treatment. In Free Gallipoli wheat the calcium content of the 
plants was correlated with reaction to the smut, for there was an optimum con- 
centration of calcium which promoted the expression of the symptoms. Silica 
has been reported to increase resistance to wheat mildew and to the rice diseases 
in Japan caused by Piricularia oryzae and Ophiobolus miyabeanus, but this 
is evidently correlated with the increased silicification of the cell membranes 
through which these parasites penetrate. Lack of sulphur increases the percent- 
age of turnips attacked by Plasmodiophora brassicae Lithium has been shown 
to have a marked effect in enhancing rust resistance and also the resistance of seed- 
lings of Phaseolus vulgaris to attack by Botrytis cinerea Recent studies at 
Cambridge established a high inverse correlation between the concentration of 
lithium in celery leaves and the amount of leaf spot caused by Septoria apii, and 
a less marked but significant relationship between the amount of lithium absorbed 
by wheat seedlings and resistance to Erysiphe graminis. Wheat brown-rust and 
tomato crown-gall were also reduced by lithium. In the last-mentioned disease 
lithium chloride application increased the weight of the plants relatively to the 
controls, but it is very doubtful whether any nutritional factor can be concerned. 

Apart from mineral nutrition, the depletion of the starch reserves caused by 
over-bearing or over-pruning or, in tea, by over-plucking has been observed to 
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predispose plantation crops to damage from certain weak parasites, such as the 
root and stem infecting fungus, Botryodiplodia theobromae. The interesting 
relationship to carbohydrate nutrition presented by the root rot of forest trees in 
tropical Africa due to Armillaria melleay the honey agaric, has already been men- 
tioned. This fungus becomes destructive to tea and other plantation crops after 
the trees have been felled in clearing the land for planting. Unless the roots 
contain starch, the fungus is unable to spread within them or to form the rhizo- 
morphs which enable it to infect the roots of the planted crop. For the produc- 
tion of rhizomorphs a medium rich in carbohydrates is required. It has been 
suggested that control may be effected by ring-barking the trees so as to deplete 
their roots of starch before felling. It is possible, in this case, that the weak 
parasites, such as Botryodiplodia, which rapidly colonise the starch-depleted roots, 
may compete with, or exert an antagonistic action on, the honey agaric, and 
that the inhibition of its growth in the ring-barked trees may be due to a com- 
bination of factors. Other root diseases may be similarly affected, e.g. that caused 
by Poria hypolateritia in Ceylon. 

In many cases in which the enfeeblement of a plant predisposes it to parasitic 
attack it is not known whether nutritional or some other factors are involved. Insect 
attacks are known sometimes to increase liability to fungal damage, and vice versa. 
In the West Indies the amount of root disease in sugar-cane, associated with 
Marasmius and other weak parasites, has been observed to be almost proportional 
to the severity of the infestation of the cane by froghoppers {Tomaspis saccharina), 
while it is sometimes possible to identify cacao and coffee plants suffering from 
the root rots caused by species of Rosellinia by the readiness with which they 
become affected by aphides and other insects. Assimilatory disturbances are 
possibly at the bottom of these effects. The surface canker of apples in the 
south and west of England attributed to Myxosporium corticola, and of stone 
fruits due to the same and Diaporthe perniciosa, were found to occur only on 
trees weakened from other causes. Similar instances could be multiplied, but 
it is important to note that precise data of the kind are the most easily obtained 
and the best-authenticated the more the fungus belongs to the class of facultative 
parasites, that is to say organisms that develop and persist normally as saprophytes 
but can act as parasites at times. On the other hand, the more closely the organism 
approaches to the obligate parasites, even when it is to some degree a facultative 
saprophyte able to live at times apart from its living host, the more difficult it 
is to get positive evidence of a consistent nutritional influence on disease outside 
that produced by nitrogen and, perhaps, potash. Failure to appreciate the difference 
between these two classes of disease-inducing organisms, even though the difference 
between them may be one of degree rather than of kind and should not be ex- 
aggerated, is responsible for many misleading opinions and even for such pre- 
posterous statements as that crops grown under optimum conditions will remain 
free from fungal disease. 

There is no reason to doubt that reaction to disease can be and is influenced 
by nutrition. The evidence regarding the influence of nitrogen on obligate 
parasites seems to be conclusive, and that regarding potash is little less convincing. 
Outside these two elements it is often contradictory or capable of interpretation 
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on other than nutritional bases. Until there has been a considerable advance 
in knowledge of the influence of excess or paucity of particular elements upon the 
nature of the cell contents or of the cell membranes (in short, upon metabolism), 
the pathologist is left with no sure guidance as to the limits of nutritional influence 
on disease ; in this he seems to be little better or worse off than his colleagues in 
the fields of animal and human pathology. The grosser effects are sometimes 
evident enough but the intracellular reactions are not well understood. It is, 
perhaps, in this field that the plant pathologist is most in need of help from the 
physiologists, for it seems that the progress of the applied science in a direction 
which might have significant practical results is being delayed by inadequate basic 
knowledge. 

/ifluence of External Factors on Inherited Reaction to Disease 

In the course of genetical investigation, light has been thrown on the extent 
to which external conditions, meteorological, nutritional, and so forth, can modify 
the expression of the reaction of plants to disease when this reaction has a genetic 
basis, that is to say, when it is due to the presence or absence of genes affecting the 
character of resistance or susceptibility. 

When Biffen's work on the inheritance of resistance to yellow rust {Puccinia 
glumarum) of wheat was repeated at Cambridge between 1917 and 1920 it was 
found that the inherited predisposition or resistance to attack, though following 
the Mendelian laws for monofactorial inheritance, was liable to modification 
by external environmental characters, such as abnormal temperature conditions 
and the application of certain fertilisers. In the cases in which the resistance 
of the ‘ immune ^ lines of wheat was reduced, however, the action of the parasite 
was of a very limited nature. Furthermore, in a line which was homozygous for 
the main factor for resistance to the rust, it seemed that other separately inherited 
factors, possibly those affecting the metabolism of the plant, might modify the 
degree of resistance. Many other cases of the kind have since been recorded. 
So also it was found possible, in German investigations, to effect considerable 
modifications in the reaction of the standard collections of wheats that are used to 
differentiate physiologic forms of P, glumarum and P. triticina by drastic varia- 
tions in the nitrogen and potash supplied. In Australia physiologic form ‘59 ' of 
P. graminis tritiei has been found to modify its degree of attack on one of the test 
varieties, so as to behave like form * 23 \ under certain conditions of temperature, 
and in America the resistant reaction of some of the test wheats to a particular 
form of this rust, at 50° F. has been changed to a full susceptibility one at 70"". 
Hence it is that under the temperature conditions of the Gangetic Plain in India 
wheat that had shown a high degree of resistance to rust during the normal 
and relatively cool wheat-growing season. from October to April, became heavily 
rusted when the growing season was extended into the hot weather : in North 
America, also, high temperature has been found to break down resistance to black 
rust in a number of cases Similarly the reaction of oats to some of the physio- 
logical forms of prown rust, P. coronata, can be greatly modified by temperature ; 
certain varieties of oats are resistant to form ‘ 7 ’ of the rust at low (55® F.) and 
susceptible at high (85°) temperatures. In a cross between Red Rustproof and 
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Scotch Potato Oats carried out in Wales, the resistance of the former to the physio- 
logic race used was found to be dominant and uni factorial. 

The resistance of cabbage to Fusarium conglutinans in varieties which are 
not fully homozygous for resistance becomes reduced under severe field conditions, 
and at soil temperatures at or above C. the commercially resistant Wisconsin 
Hollander variety may become quite severely attacked ; lOO per cent, of disease 
was obtained at a soil temperature of 24°. But the homozygous resistant variety, 
Wisconsin Railhead, remained quite immune at zz°. 

Many of the cases of this kind that have been recorded are most easily inter- 
preted as resulting from the action of the environment on accessory factors for 
the character modified. 
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Chapter VI 

MORBID ANATOMY AND HISTOLOGY 


The powers of regeneration and wound repair possessed by the plant are con- 
siderably greater than those of the animal body. To understand the part that they 
play in plant pathology it is necessary first to consider the processes of tissue 
protection and repair in the absence of disease. Some of those that will be men- 
tioned have been observed under the specialised conditions of laboratory experi- 
ments, but they illustrate the potentialities of plant tissues in striking fashion. 

Regeneration 

In many cases the tissues of growing parts of plants, destroyed by traumatic 
action, can be regenerated from tissues of different origin. The conventionally 
distinct derivatives of the dermatogen can be replaced from those of the periblem 
and those of both the dermatogen and the periblem can be reconstituted from those 
of the plerome. Exposed young cortex cells may directly become epidermal by 
thickening their outer wall, acquiring a cuticle and even forming hairs or stomata. 
This occurs quite normally in citrus leaves, in which during development the 
upper epidermis splits and is replaced from the mesophyll, sometimes after a few 
cell divisions. Still more remarkable is the replacement that has been effected 
under suitable conditions of the entire lost halves of a young tuber, stem or petiole, 
in form and structure very like the normal. A perforating wound involving the 
central cylinder may become surrounded, not only by a cork layer, but by a deeply 
seated cambium which may cut off xylem on the side away from the wound and 
phloem towards it, the part between phloem and cork coming to resemble a cortex. 
In perforating needle wounds vertically down to the pith in young sunflower 
heads the cavity can become lined with a complete vascular ring, and bundles of 
the hard bast type develop on the side of the phloem towards the cavity ; then 
follows a thin-walled parenchyma resembling a cortex, and finally, lining the 
cavity, an epidermis forms, sometimes with hairs like those on the surface of the 
plant (Fig, 147). Even natural hollows in the stem of Brassica oleracea can develop 
a cambium with phloem next the cavity and xylem outside, and the injection of 
certain chemicals (e.g. monobasic ammonium phosphate) has caused the same 
condition in the hollows of young internodes of Ricinus. The restoration of lost 
parts, however, is ordinarily preceded by the development of repair tissue on the 
denuded surface. 

Wound Repair 

The commonest precursor of the replacement of lost tissues under moist 
conditions, especially in herbaceous plants, is callus formation. Callus can be 
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F IG. 1 3 1 . — ^Transverse section of 
stem of Robinia showing 
formation of callus tissue 
from the cambium (after 
Frank) 


Fig. 132. — Tracheid formation in the 
callus from a root of Beta (after 
Kuster. Butler, Ann. App. Biol.) 



formed in suitable circumstances from any living cell or tissue, and the subsequent 
changes that it undergoes are independent of its origin. 

The living cells bounding the wound below those that have been killed in 
wounding grow out, multiply, and form a tissue of dividing thin- walled parenchyma 
(Fig. 131). Sooner or later differentiation occurs in this tissue. Its outer margin 
may become corky by the development of a cork cambium or may consist of a 
loosely united mass of cells, resembling the so-called hyperhydric tissue. This 
may arise from a meristem which cuts off roundish, loosely attached cells outside 
and thin-walled callus-like cells inside, or it may grow without the intervention 
of a meristem, since callus cells far removed from the level of the wound may 
continue to divide and form ever-increasing masses of thin-walled parenchyma. 
In the deeper part of the callus the first differentiation often is the direct trans- 
formation of a callus cell, derived from any tissue, by reticulate thickening and 
lignification of its walls, into a tracheid-like element (Fig. 132). This is one of 
the key processes in wound repair. Several of these tracheids often develop 
close together, forming a little island of woody tissue. Neighbouring groups 
may unite to form irregular strands ; or an island may become wholly or in part 
surrounded by a meristem which forms tracheids and fibres on its inner side (cf. 
Fig. 146 d). At a later stage a procambial strand, forming wood and phloem, may 
develop in the cells bordering the tracheid groups or strands, and may join up 
with vascular outgrowths from the original conducting system of the organ. A 
similar process, without the formation of callus, can restore a broken conducting 
tract — say, in a leaf — cells of the mesophyll in which become changed into short 
tracheids which can bridge the gap and which, later, can become bordered by a 
procambial strand forming phloem and xylem (Fig. 133). 

Very often a large transverse cambium develops below the free surface of a 
callus and cuts off wood on its inner side and, less frequently, phloem and secondary 
cortex-like tissue on its outer side. Occasionally a layer resembling an epidermis 
clothes the surface, especially when a petiole or stem is split longitudinally. In 
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such a case a central cylinder may be reconstituted by a cambium developing in 
the callus and joining up with that of the uninjured half ; this forms not only 
phloem but a more or less normal cortex and epidermis outside. 

Finally a callus may form shoots exogenously from a mother cell or cell group 
at or near the surface of the callus. This may happen even in a callus derived 
from the pith. Shoot formation seems to be stimulated by excessive or unbalanced 
accumulation of food or of growth-promoting substances, for in uncongenial 
grafts the upper side, where the imperfect union holds back the passage of material 
from the scion, may develop large callus-like masses, rich in shoots. In the 
decapitated swollen hypocotyl tuber of cyclamen there is a formation of adventitious 
cotyledonary leaves. The vascular system which supplies these arises from the 
division of one or more of the normal cortical cells, and this process extends back 
to a bundle. There may be a central mass of xylem surrounded by phloem in 
these adventitious leaf traces, or xylem and phloem may pursue a wavy course, 
not necessarily close together, towards the vascular ring (Fig. 134). In callus 
buds the vascular connection may be established in a similar manner. Roots 
are very often formed in callus but, unlike shoots, they always come from the 
deeper layers, usually from the neighbourhood of the pericycle but also some- 
times from the medullary rays and the external region of the pith. As 
the horticulturist well knows, different species vary greatly in their readiness 
to develop roots from the callus of a cutting. Good callus formation does 
not necessarily mean good root production. It would take us too far to follow 
the extensive studies that have been carried out during recent years of the 
part played by phytohormones in the regeneration of roots and shoots and of 
the practical application of these studies in horticulture. 

A second type of wound healing 
is common and is, indeed, the normal 
process in woody tissues exposed to 
ordinary air. In this the repair re- 
sembles the normal growth in thick- 
ness in that it is the result of the 
division of cambial cells, the products 
of which, as usual, soon lose the 


Fig. 133. — Replacement of vascular connection 
destroyed by wounding in a leaf of Impatiens ; 
tracheids are formed directly from mesophyll 
cells (tr.d), or after division of latter; a pro- Fio. 134.-— Portion of trace of adven- 
cambial strand is beginning to form at pr. (from titious leaf of Cyclamen, cut longi- 

Kuster, after Freundlich. Butler, Ann. App. tudinally,^)^, phloem (after Boodle. 

Biol.) Butler^ Ann. App. Biol.) 
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aptitude to divide, becoming differentiated. The tissues thus formed are some- 
times termed wound wood and wound cortex. 

If the wound is an open one extending beyond the cambium, or is the result 
of an amputation as in pruning twigs or lopping branches, the first stage in the 
process of healing is the blocking of the tissues by the deposition of suberin in 
the cells, intercellular spaces and cell walls of parenchymatous tissues and an 
accumulation of an insoluble gummy subctance in the cavities of the conducting 
elements of the wood. The position of maximum formation of this blocking 
layer is marked by a brown or dark-green band situated at a variable distance 
below the surface of the wound, near the surface in the cortex, deeper in the pith. 
Its rate of development also varies with the stage of activity of the tissues : when 
growth is active as in the spring and summer it appears in ten days to a few weeks, 
but in wounds made in the late autumn or winter the completion of blocking is 
delayed until the spring ; young woody tissues are also more rapidly blocked than 
old. The chemical nature of the blocking substance is not clear. In large par- 
enchymatous masses of tissues it is a product of fatty acids but in woody tissues 
it is a viscous or resinous substance, usually termed ' wound gum ' though it is 
not a true gum. Sometimes a ‘ gum zone ’ forms in the pith and wood of an 
amputating wound and a band of cork at the same level in the cortex. When 
wound gum forms in ray or wood parenchyma cells containing starch, the starch 
first disappears, and it has been suggested that wound gum may be formed from 
products derived from the starch together with resinous and ligneous substances 
and pectin. When micro-organisms invade the cut tissues they may stimulate 
the formation of wound gum. Gum barriers, whether formed normally as a result 
of wounding or as a reaction of the living cells of woody tissues to invasion by a 
parasite, are considered to play an important part in checking the invasion of 
parasitic fungi through wounds. The readiness with which they form differs in 
different trees. In the red gum {Liquidambar styraciflua) they develop rapidly 
under ‘ fire scars * in several of the layers of the outer sapwood, and resist the 
attack of Polystictiis pergameniis and Polyporus gilvus when the unprotected sap- 
wood is heavily decayed. In oak, ash, and Celtis similar fire scars result in early 
infection by various fungi. 

The formation of the blocking layer is followed by an overgrowth of callus 
mainly derived from the exposed cambium but by no means entirely so. The 
relative parts played by the cambium and by the other living (usually parenchyma- 
tous) tissues in re-clothing the exposed surface of a stem wound depend to a great 
extent upon the nature of the wound. When this is a tangential one caused by 
removing a slice or layer as, for instance, when a portion of the bark is peeled off 
a stem or a shaving cut out, perhaps including some of the outer wood, there is 
extensive destruction of the cambium, and regeneration of the bark is affected 
mainly by outgrowths of callus cells from such exposed living parenchymatous 
cells as those of the medullary rays and wood parenchyma ; only at a later period 
does cambial activity play a part. The process has been carefully studied in 
Malaya in its bearing on the ‘ stripping ’ method of treating brown bast disease 
of the rubber tree, where large areas of the affected and surrounding bart are 
peeled off and the new bark may develop free from the disease. In Hibiscus the 
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peeled stem surface begins to show outgrowths of callus cells of relatively enormous 
size in about three days, none coming at this stage from the cambium which is 
largely destroyed by the stripping. At the central part, medullary ray callus plays 
the largest part ; at the margins, cells of all the tissues external to the cambium, 
rays, phloem parenchyma and cortex, are involved. The callus cells divide and 
come into contact with one another laterally, so that a continuous clothing of 
callus forms over the wound. In about another three days, under Malayan con- 
ditions, the phellogen from the uninjured bark extends inwards into the cortical 
callus, and phellogen forms in a continuous layer across the mass of basal callus 
(derived mainly from the wood) which clothes the major part of the stripped 
surface. Beneath the cork thus formed the callus cells are preserved from desicca- 
tion, but for a time there is no further differentiation of tissues in them. Then, 
at the level of the severed marginal cambium surrounding the wound, a level 
which is now, owing to growth in thickness of the uninjured wood, somewhat 
above the bottom of the callus clothing the stripped surface, a new cambium 
forms in the callus. This comes mainly from an extension of cambial divisions 
inward from the regenerated cells of the cut margin of the original cambial ring, 
involving the callus cells next in contact with these. The process extends right 
across the wound, so that the continuity of the cambial cylinder surrounding the 
stem is fully restored. Thenceforward, the wound covering follows the normal 
course of growth in thickness of a stem. In this type of repair the wound wood 
and wound cortex closely resemble the normal tissues. 

In an amputating wound, however, especially in older woody stems, there is 
less scope for the activity of callus-forming cells in the wood, and the bulk of the 
closing tissue comes from the cut ends of the original cambium and the tissues in 
its neighbourhood. An annular cushion is formed which gradually spreads over 
the exposed wood, often leaving pockets of necrosed tissue buried at the level of 
the wound. In this case cambium formation is less regular than in the last, and 
isolated tracheid groups may form, each bordered by its own separately developed 
cambium, cutting off wound wood. 

The most noticeable masses of wound wood arise when the original cambium, 
without being exposed, is stimulated into activity by injury to some of its cells 
or to the bordering tissues, from frost or the attack of parasites. Cankers are 
largely due to an excessive development of wound wood and are a familiar result 
of frost and of certain types of insect and fungal injury. The presvsure from below 
caused by this deep-seated growth ruptures the cortex, leaving exposed the newly 
formed wood with sometimes a dead patch at the base. Frost cankers are more 
fully discussed in Part II, p. 919. Wound wood may also develop in callus tissue, 
from cambiums formed, as already mentioned, in any part of the mass. These 
may cut otf only wood, without phloem. When the meristem develops, as is 
not uncommon, around a tracheid group or a mass of sclerenchyma or a localised 
injury, the xylem may be produced either on its outer or its inner side. In the 
former type there may be a small phloem group in the centre of the nodule, in the 
latter, either phloem or parenchyma develops outside the cambium. Structures 
of the same kind are also found in wound bast and even occasionally around the 
tracheid groups that form in leaf calluses. In woody plants they may produce 
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knobby isolated masses of wound wood, such as are found in the secondary cortex 
of the apple and other trees ; while the woody nodules (‘ burrs ’), which are the 
most serious concomitant of the ‘ brown bast ’ physiological disorder of rubber 
in Eastern plantations, are composed of xylem developed on the inner side of a 
cambium surrounding a little island of necrosed tissue in the phloem. Very 
often the wound wood is developed in vortex-like masses of fibres and vessels, 
probably as a result of pressure from unevenly developing meristems or uneven 
growth at the junction of normal and wound wood. Woody galls often show 
beautifully grained examples of whorls of this nature (cf. Fig. 149). 

Wound wood differs histologically from normal wood in having less regular 
rows, composed of shorter and generally thinner-walled elements, in the usually 
greater proportion of wood parenchyma and fewer fibres, and in wider medullary 
rays (Fig. 135). Its less solid construction renders it more liable to damage ; 
thus the new wood in frost cankers is readily again injured by frost, and that 



Fig. 135, — Abnormal wood in the stem of larch. The abnormal tissues are in the spring increments 
outside the narrow increments of autumn wood. The abnormal cells may or may not retain 
living contents, or become hgnified, forming isodiametric elements with simple pits, as shown, 
inset, in A and B, Note the gradual restoration to the normal wood in the later-formed spring 
increments. (Such features of abnormality in the wood of larch and other trees may result 
from frost action or from disease, or from bolb) 
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resulting from woolly aphis in apples and 
Helopeltis in tea is very prone to the 
attacks of fungi. 

Instead of callus or wound wood form- 
ing, a wound may be cicatrised by wound 
cork (cf. Fig. 139). This commonly 
occurs in all organs of plants in dry air. 
The cork tends to form parallel to the 
surface of the wound and often differs 
from normal cork in having larger cells 
and thinner walls. When a leaf or a potato 
tuber is cut, the living cells nearest the 
wound may enlarge, sometimes with a few 
divisions parallel to the surface, and their 
walls become metacutinised or impreg- 
nated with a deposit of suberin or of a 
lignin-like substance or of wound gum. 
Below this ‘ blocking layer ’ the cells elon- 
gate and divide transversely, the middle 
divisions corresponding to a phellogen 
which cuts off cork cells in rows to the 
outside and phelloderm rows below. All 
this part is without intercellular spaces 
and, in the leaf, the distinction between 
palisade and spongy parenchyma is lost 
(Fig. 136 a). Every living tissue from 
epidermis to cambium or pith may join in 
forming the cork layer, which always tends 
to unite at its margin with the surface 
covering of the sound part, epidermis or 
normal cork as the case may be. When 
the epidermis takes part in the process it 
divides into cells resembling those of the 
other tissues of reaction, while collen- 
chyma and even young sclerenchyma cells 
lose their thickening and react like the 
rest. 




B 


Fig. 136. — Wound cork. Ay edge of cavity 
in leaf of holly, mined by Phytomyza 
aqmfohty showing elongation of the meso- 
phyll cells and their division by cross 
walls to form a phellogen ; intercellular 
spaces absent (after Kerling). By ab- 
normal histological changes from non- 
traumatic or non-parasitic causes. Hyper- 
trophy and hyperplasy of collenchyma of 
Clerodendron twig after vaselining (from 
Kuster after Schilling. Butler, Ann, App. 
Biol.) 


In superficial wounds in roots and submerged aquatic stems, apparently 
correlated with the presence of a well-developed endodermis, there may be no 
other reaction than the formation of the blocking layer, without any division of 
the cells or development of meristems. The endoderm is believed to act as a 
barrier to the passage from the central cylinder of the solutes that are necessary 
for meristem formation. 


These various processes of healing are not always sharply divided, and more 
than one of them may sometimes be seen in different parts of the same wound. 
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Abnormal Histological Changes from Non-traumatic Causes 


Besides the processes that result from traumatic action there is another group 
of modifications in cell or tissue growth arising from inner conditions in which 
no gross injury is involved. Only a few examples need be given. 

Changes, which may sometimes be deep-seated, can be induced in the cells 
and tissues of plants merely by the action of environmental conditions, such as 
moisture or light, or by nutritional factors. It is convenient to distinguish the 
main basic modifications that may result by the terms hypoplasy or under-develop- 
ment, hypertrophy or swelling without cell division, and hyperplasy^ an actual 
increase in the number of cells (Fig. 136 b). When hypoplasy is total and the organ 
or tissue does not develop at all, the term atrophy is used. These are not the only 
modifications that can be caused by physiological factors, for the cell membranes 
and structures such as stomata also respond in varying degree, as for instance 
in etiolated shoots, sun and shade or submerged and aerial leaves, and over- or 
under-nourished plants. 

Excessive moisture, especially if transpiration is checked, often causes on green 
stems or leaves the formation of ‘ intumescences such as are commonly seen on 
tomato and other plants in glasshouses. These are usually white protrusions 
formed of rows of radially elongated, thin-walled parenchyma derived from the 
epidermis, and mesophyll or primary cortex. Collenchyma can participate in the 
process, the cells elongating and forming thin dividing membranes (Fig. 136 b). 

Large hyperplastic modifications have been induced in some of the biennial 



Fig. 137. — Swollen leaf-base cushion of kohlrabi, 
prevented from flowering by removal of flower 
buds. Lower right-hand figure, showing new 
cambium formation in enlarged medullary 
rays, tending to encircle one or two rows of 
vessels but leaving the innermost outside the 
ring. Left-hand figure, detail of inner part 
of a row of vessels with lateral cambiums 
uniting in the protoxylem, and a few phloem 
elements fprming on the outer side ; cell 
division active around the innermost protoxy- 
lem vessels. Top right-hand figure, a phloem 
nest in the vascular region of a primary bundle 
(after Vdchting. Butler, Ann, App, Biol.) 


Brassicae with swollen stems, such as 
kohlrabi, by preventing flowering (Fig. 
137). Both cortex and conducting 
tissue became much enlarged, the 
xylem of the main leaf trace especi- 
ally so ; this was accompanied by 
an increase in, and broadening of, the 
medullary rays, so that a number of 
narrow bundles were formed. Each of 
these bundles tended to become sur- 
rounded by a cambium developed in 
the ray cells and deeper part of the 
wood parenchyma. This cambium 
formed phloem on the ray side and 
xylem towards the bundle. Small in- 
verse bundles also formed in the en- 
larged rays or in the protoxylem region ; 
in these bundles there was a nest of 
phloem surrounded by a cambium 
producing a little xylem on the outside. 
Concentric inverse bundles have also 
been found to develop in the thickened 
roots and leaf base cushions of similarly 
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treated savoy cabbage, being in this case situated in the collenchymatous tissue 
of the inner xylem. In the abnormal tissues that have been thus induced to 
form, there is a noticeable scarcity of fibres and, where the thickening is due 
largely to cambial activity, as in swollen side shoots of kohlrabi sometimes, the 
new tissue on the xylem side consists of thin-walled, rather uniform cells. 

Petioles have been successfully rooted, and also have been grafted into tubers, 
when they grew into abnormally thick organs. In such cases the normally flattened 
collateral bundle of the petiole tends to become concentric, and the petiole comes 
to resemble a stem in structure and function. The change is due to the forma- 
tion of new cambium by division in cells of the ground parenchyma, either 
extending out from the edges of the original cambium and curving round till the 
two sides unite, or beginning in groups of parenchyma cells opposite the central 
part of the collateral bundle, the process then spreading laterally and curving down 
to join the original cambium on each side. Xylem forms on the inside of the 
new cambium and phloem outside. Ultimately a compact woody cylinder forms, 
which may be twenty times the area in transverse section of the normal petiole 
bundle. A small-celled phloem surrounds the wood, and all the elements that are 
formed outside the original bundle are short, as they are limited by the diameter 
of the ground tissue cells from which they are derived. 

It has, indeed, been shown experimentally that all living plant tissues have 
potentialities of hypertrophic and hyperplastic reaction to ‘ physiological ^ stimuli 
in the absence of wounding or of any parasite. In the hyperplastic tissues differ- 
entiation to other tissue forms can follow, but there is a tendency for them, at 
first at least, to show less differentiation in the elements of which they are composed 
than is found in similarly situated normal tissues. Naturally, cells that have not 
finished growth and differentiation react the more readily to such stimuli, but 
old cells can also be affected, either directly or after first dividing and thereby 
becoming, so to speak, rejuvenated. Even cells that have developed thickened 
walls, as collenchyma, can enlarge and divide, or those in the early stages of 
lignification can undergo delignification and resume activity. In the hyperplastic 
tissue a cell, perhaps only one of a group formed from a single mother-cell, may 
become a thick-walled element such as a sclereid, or develop into a little island 
of phloem or a tracheid ; or a meristem may appear, with all its powers of tissue 
production. Similarly hypoplastic modifications can result from under-develop- 
ment brought about by inadequate or unbalanced nutrition or other unfavourable 
conditions. 


Tissue Modifications and Galls caused by Parasites 

The tissue-changes that may result from parasitic attack on plants, remarkable 
though they may sometimes be, resemble in many respects those that have been 
described above, allowance being made for the fact that the stimulus may be more 
localised and may continue for a longer time than that caused, for instance, by 
wounding. It. seems very doubtful whether there is any essential difference be- 
tween the modifications of tissues and organs found in galls due to parasites and 
those that may occur in wound calluses or the various other types of reaction to 
wound injury or physiological causes. The tissue and organ changes due to virus 





Fio. 139.— Shot-hole (ilect caused hy Clasterosporium carpopMum. cross-section of almond 
leaf showing formation of the absciss line ; infected tissue is on the right ; the occluded zone 
with hg^ified zone towards the injured tissue. B, C, two stages in the process of abscission in 
cheipr-laurel leaves ; lignification shown by heavy outlines ; the lignified zone drops awav with 
the injured tissue when abscission is complete ( x 190) (after Samuel, Atm. Bot.) 
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diseases are separately 
dealt with in Chapter 
VIIL 

Hypoplastic modifica- 
tions are seen in the 
sterility caused by some 
parasites, in the small 
size of the leaves in trees 
attacked by certain virus 
and other diseases (spike 
disease of sandalwood) 
and in inhibition of tissue 
differentiation as a result 
of parasitic attack. An 
interesting example of the 
latter is the prevention of 
the formation of an absciss 
layer in cherry leaves 
attacked by Gnomoma cry- 
throstoma, with the result 
that they do not fall in the autumn but remain hanging on the tree and serve to 
infect the new leaves m the following spring (see Part II, p. 768). 

Host-tissue reactions to parasitic attack by the formation of wound gum in 


Fig 140 — Section of almond leaf, illustrating the layer of wound 
cork isolating the infected tissue in a case where abscission did 
not occur , suberised cells ai e dotted round the margins , hgni- 
fied cells are heavily outlined ( x 250) (after Samuel, Ann 
Bot) 




Fig. 141. — ^Galls involving the modification of 
organs. Tumours of maize smut caused by 
Ustilago xeae. An affected cob (after Butler) 


woody tissues and wound cork in all 
living parts resemble those due to 
simple wounding in their main char- 
acteristics (Fig. 138). Various ex- 
amples of them are given in Chapters 
HI and IV. The band of reactionary 
cork formed around a leaf infection 
can sometimes be seen in thin leaves 
as a narrow dark circle on holding 
them up to the light. The cork may 
be eflFective in checking the parasite or 
may fail. A common result of its 
formation in leaves is the necrosis and 
dropping out of the surrounded area, 
producing what is known as a ‘ shot- 
hole ’ effect (Figs. 139, 140, 395). 

It has been already mentioned that 
there is a tendency for the tissues of 
reaction to non-parasitic stimuli to 
consist at first of elements resembling 
one another, as, for instance, in calluses 
and intumescences, in the repaired 
epidermis, palisade and spongy paren- 
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chyma at the edge of a leaf wound, or in the thin-walled derivates of the cambium 
on the xylem side in the thickened shoots of kohlrabi prevented from flowering 
in the second year. This tendency is still more marked in many galls and has 
led to the use of the term ‘ gall * or ‘ tumour ’ tissue to characterise the masses of 
soft rounded cells, often with few or no intercellular spaces, that may develop as 
a result of the presence of a parasite. 

Galls are swellings on plant organs due to a stimulating or irritant action of 
parasites such as fungi, bacteria or insects on the tissues. In a few cases (stripe 
disease of narcissus, Fiji disease of sugar cane) they are caused by viruses. They 
may vary from tiny swellings involving a few cells of the epidermis as in the 
early stages of wart disease of potato {Synchytrium endohioticum (Figs. 249, 250)) 
to the soft rounded tumours several inches across of maize smut (Fig. 141), or the 
large woody masses formed sometimes in crown gall (Figs. 142, 375) or in certain 
rusts on Acacia, {Haplophragmium, Uromycladium), The term gall is sometimes 
extended to include organic outgrowths or proliferations, such as the leafy organs 
formed in cereal ears attacked by Sclerospora and also to cover cases of uniform 
enlargement of an organ, as in flowers of some Cruciferae infected by Cystopus 
Candidas, or the * bladder plums ’ produced by Taphrina pruni , 

Galls due to Tissue Swellings : ‘ Histoid ’ Galls 

Some of the simplest galls are caused by species of Synchytrium, The fungus 
may be confined to a single epidermal cell which generally becomes much enlarged. 
Neighbouring cells also react, usually hyperplastically, and the host cell becomes 
surrounded by a sheath which, as in S, taraxaci on the dandelion, may be derived 
from both epidermal and subepidermal cells. The bordering cells in this little 
gall elongate tangentially to the host cell and divide by walls at right angles to the 
latter. A small-celled sheath of two or three layers in depth is thus formed around 
the enlarged cell containing the fungus. No intercellular spaces occur in the 
sheath nor is there any detectable difference between the derivatives of the epider- 
mis and mesophyll that constitute it ; there appears to be also no tendency to 
form cork, perhaps because of the short duration of active stimulation. Another 
very simple epidermal gall is caused on poplar leaves by Taphrina populina, syn. 
T, aurea, the mycelium of which is situated between the cuticle and epidermis 
and for a short distance down between the cells of the latter. These cells 
elongate to two or three times the normal length and may divide once or twice, 
the result of their uneven growth in the developing leaf being the formation 
of a small bulge on one side of the leaf and a corresponding depression on the 
other. 

Another leaf gall of a simple type is that formed on apple leaves by the aecidial 
stage of Gymnosporangium juniperuvirginianae in America. The affected part of 
the leaf is swollen to two or three times its normal thickness by a great increase 
in height of the spongy mesophyll cells, the palisade being little altered. The 
elongated cells divide by transverse or oblique walls and the intercellular spaces 
are lost. In the thickened leaves produced on the shepherd's purse {CapseUa 
bursa-pmtoris) by infection with Cystopus Candidas, the mesophyll is composed 
wholly of large round cells, distinction between palisade and spongy cells being 
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142 —Galls and gall formation Crown gall {Bacterium t«mr/aa«m) on various h"®*® 
roots of one-year-old budded peach tree B, on one-year-old cherry (budded tree) on Maz r 
roote (photos of ^ and B by Bur Plant Indus , U S Dept Agric °/.f % 

Siegler) C, on tubers of dahlia (photo by Dennis) D, on apple (photo by Wonnald) , 
on Let B, cross-section of same (photos by Scott Wylie) G, club root on swede (photo by 
Scott Wylie) 





Fig 143 — Leaf galls Peach-leaf curl {Taphrtna deformans) A, transverse section of swollen 
part of infected leaf, much distorted, compared with section of a healthy leaf B, section of 
a healthy leaf C, section of the swollen leaf showing the much thickened distorted lamina 
in which distinction between palisade and spongy tissues is lost , cell division has occurred in 
the palisade cells which have also lost their normal shape, becoming almost isodiametnc in 
the outer layers , note considerable increase of cell^ in spongy tissue, with reduction of inter- 
cellular spaces (drawn to same scale as B) B, the sub-cuticular asci, two containing ascospores, 
and the other budded ‘ conidia ’ or secondary spores 
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lost. Taphrina deformans (Fig. 143), also thickens the peach leaves that it attacks, 
and causes the palisade cells to multiply and lose their normal shape, becoming 
almost isodiametric in the outer layer, 'where they are hard to distinguish from 
epidermal cells. Exobasidtum oxycocci makes all the mesophyll into a uniform 
type of parenchyma without intercellular spaces in Vaccinium macrocarpon^ 
one of the cranberries, but in the thickening caused by E, vaccinii in V, vitis- 
idaea leaves, the palisade is little altered and the swelling is due to the development 
of roundish or polygonal cells with no intercellular spaces in the spongy parenchyma. 
A simple stem gall is the common one on goutweed or bishopweed (Aegopodtum 
podagrariae) caused by Protomyces macrosporus, where there is a hyperplasy of the 
outer cortical cells, restricted to those in the neighbourhood of the intercellular 
hyphae. The easiest way to locate the hyphae of this fungus in the early stages 
of infection is to look for a fully formed cortical cell in process of division. 

Somewhat more complex are the small corky swellings that constitute the 
disease known as scab on the leaves and twigs of citrus plants. The parasite, 
a conidial stage of the fungus Elsinoe fawcetti, causes in attacks on the under surface 
of the leaf a necrosis of a few superficial cells, and provokes a hyperplasy of the 
underlying spongy parenchyma. The new cell walls are roughly parallel to the 
necrosed surface, and the reaction may extend through the leaf and cause some of 
the palisade cells to divide. Cells near the lesion elongate considerably and 
divide by several cross walls. A band of the new cells thus formed becomes a 
cork cambium. This extends up to the epidermis all round the lesion, and cuts 
off cork on the side next the latter and a little phelloderm towards the sound 
tissues. All the primary cell walls of the hyperplastic area are thickened, and 
intercellular spaces are much reduced. 

A good example of a gall restricted to the vascular region is that produced by 
Sorosphaera veronicae on Veronica chamaedrys^ the germander speedwell The 
swelling starts in the procambial region of the shoot, from the point behind the 
apical meristem where the xylem is just beginning to form, and extends backwards 
without involving the cortex or pith, and sometimes outwards along a young leaf 
bundle. Spiral vessels can be found throughout its length but do not occupy any 
fixed position in relation to the mass of gall tissue, being sometimes on its inside 
towards the pith, sometimes on its outside towards the cortex, sometimes in the 
middle. This shows that the gall tissue is formed not only from the cambium, 
but from cambial derivatives lying around the protoxylem vessels. It consists of 
more or less polygonal cells of a very uniform type, the only other elements found 
in the swollen part being the few xylem elements that were already differentiated 
before the parasite reached the area, and some scattered groups of elongated cells. 
The parasite, an intracellular one, does not appear to occur in all the tumour cells, 
but the hypertrophy (which is sometimes marked) and hyperplasy are general 
throughout the region involved. The cortex and pith usually undergo no histo- 
logical modifications, though there are indications that, in later stages, the parasite 
may reach the inner cortex by passage from within through the endodermal layer. 

In the finger-and-toe or club-root disease of turnips (Fig. 144), cabbage 
and other crucifers, the parasite Plasmodiophora brassicae (like the last, one of 
the Plasmodiophorales) is again mainly confined to the central cylinder. In 
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144 Galls involving the \ascular legion Club root of cabbage Part of central cylinder of 
the stem, inoculated with Plasnwdtophora hrasstcae. Ay enlargement of medullary rays. R, 
showing a later stage of disruption in the wood following proliferation in the rays (after Kunkel, 
y Agric Res ) 


inoculations on cabbage stems the fungus reaches the cambium fairly soon and 
induces a marked hyperplasy in the cells m this region. The elements cut off 
on the xylem side remain undifferentiated and again rapidly divide. In older 
stems the medullary rays are chiefly infected and show great hypertrophy and 
hyperplasy. Except at the point of original invasion, the phloem and secondary 
cortex only become infected outwards from the cambium. In roots the bulk 
of the hyperplasy is in the cambium and the phloem initials adjoining it ; the new 
cells in the position of the phloem are thin-walled and accumulate starch. The 
increase in size of the medullary rays may divide the vascular ring into widely 
separated bundles which ultimately may become much distorted by the uncontrolled 
growth in the rays. New tracheidal tissue develops in the rays. The changes 
that occur in the vascular region in this disease show a certain similarity to those 
already mentioned as occurring in allied plants as a result of physiological pro- 
cesses consequent on the prevention of flowering (Figs. 147, 277, 278). 

In various other types of gall, insect as well as fungal, the tendency already 
mentioned for the cambium, when stimulated to abnormal activity, to cut off 
non-lignified parenchyma without fibres and with fewer and thinner-walled 
tracheids on the xylem side, and secondary parenchymatous phloem outside is 
strongly marked. In some of those that cause the medullary rays to enlarge, so 
as to separate the vascular ring into isolated bundles, these tend to become bordered 
by a cambium forming in the ray cells and in the region of the protoxylem, very 
much as was found in the thickening due to prevention of flowering in kohlrabi. 
The underlying causes of these processes are not known, but the similarities are 
sufficient to suggest that whether the stimulus is a fungus or an insect or purely 
‘ physiological the response follows along certain broadly defined lines. 

In some fungal and bacterial galls all or nearly all the tissues may become 
involved in the swelling. The thickened axial shoots that are the most prominent 
feature of the destructive witches’ broom disease of cacao in the West Indies 
and South America, due to Marasmius perniciosus (Figs. 99, 145), are good examples 
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of this. As many as a thousand of these may be found on a 
tree. The swelling may involve every tissue from epidermis 
to pith, sometimes almost equally, each being two or three 
times the normal thickness, sometimes mainly in the cortex 
or the xylem. Most of the thickening in the xylem seems 
to be from cambial activity, but in the other tissues it is 
mainly due to division of parenchyma in situ. The peri cyclic 
region and deeper tissues may proliferate to such a degree 
that the cortex is crushed, or may become so parenchymatous 
that it is almost impossible to define the inner limits of the 
cortex, though scattered groups of pericyclic fibres can still 
be distinguished. All the parenchyma cells, except those 
nearest the epidermis, assume the same shape, elongated 
radially and with thin walls. The xylem vessels are broader 
and thinner than usual and the part of the xylem near the 
cambium is largely parenchymatous. The fibres become at 
first septate, then reduced in numbers, and finally are not 
formed. As the thickened shoot grows in length, tissue differ- 
entiation is decreased. In the swollen leaves the distinc- 
tion between palisade and spongy parenchyma is lost. The 
* brooms * are short lived (some six weeks) and remain soft 
and fleshy, cork being rarely found in them. 



Fig. 145.“ -Comparison 
of normal and 
swollen midribs of 
leaves from cacao, 
to show the effect 
of Marastntus per- 
(after Went. 
Butler, Am. App, 
Btol ) 


The huge Uromycladiutn galls formed on species of Acacia in Australasia 


(that caused by U, notabile may be over a foot in diameter) start usually by a 
proliferation in the phloem, infection beginning generally before cork has developed. 
The outer tissues are deformed and ruptured by pressure from within, due both 


to expansion of the phloem and pericycle and to the production of wound wood 


composed of unlignified rows of tracheids, with a few wide vessels and an excess 
of parenchyma. The identity of the original cambium is lost at an early stage, 
and later it becomes impossible to distinguish cldarly between phloem, cambium 
and outer xylem. Cork may form in the pericyclic region or the outer cells may 
continue to proliferate as hyperhydric tissue. Tracheids may develop in any of 
the tissues that take part in the formation of the gall. 

No plant gall has been so completely studied as crown gall caused by Bacterium 
tumefaciens (Fig. 142 a-f), because of its intrinsic interest, its wide range of host 
plants, some of considerable economic importance, and (perhaps mainly) because 
of suggested analogies between it and cancerous growths in man and animals. 

The organism which causes crown gall is one which is not ordinarily provided 
with enzymes capable of dissolving the polysaccharides of cell walls or starch, 
so that it does not form cavities or penetrate into the interior of the plant cells or 
induce soft rotting. On the other hand, it has marked powers of stimulating the 
cells in its immediate vicinity to divide and form hyperplastic masses of tumour 
tissue. When it is inoculated into the tissues of herbaceous stems that are still 


growing, it may occur in the intercellular spaces of considerable lengths of stem 
formed subsequently to the inoculation and it may also spread actively or passively 
in the fully grown internodes, along the xylem or where, as in the pith or cortex. 






Fig. 146. — Crown gall (Bacterium tumefaciens). radial longitudinal section through outer 
portion of stem of tomato showing the relation of the bacterial zoogloeae to the intercellular 
spaces of the sub-epidermal tissues. j9, a tangential section where the zoogloea has reached its 
present location by moving in a radial direction from an adjoining space, the zoogloea advan- 
cing in both directions. C, a longitudinal section through central portion of the pith of a young 
tomato stem ( x 800) (after Hill, Phytopath,). D, a section of portion of a sub-aerial gall on 
the cane of red raspberry, showing the formation of tracheids from the gall parenchyma ; 
note evidence of meristematic activity at periphery 
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intercellular spaces are in vertical communication with one another for some 
distance longitudinally. In these cases it may give rise to continuous strands of 
tumour tissue formed by the division of bordering cells, or it may only cause 
visible hyperplasy (‘ secondary tumours ’) here and there along the course of its 
extension. It is not uncommon to find, following inoculations of this type towards 
the top of the stem, closed vascular rings, spheres or cylinders in the pith and cortex. 
When these are found in the pith the orientation of the tissues is frequently in- 
verted, the phloem being inside and the xylem outside the cambium (Fig. 147). In 
the cortex and petiole the orientation is normal, and in the latter situation the 
stimulation from the parasite may lead to the formation of a closed concentric 
bundle by division of the ground cells of the petiole outside the leaf trace, just 
as occurs when a petiole is rooted as described above. The centre of the new 
formation is a mass of tumour tissue in which cells of the ground parenchyma 
not transformed into tumour cells may sometimes be seen. In some of these 
infected petioles the organism has been found to occur in the protoxylem, and the 
meristematic divisions in the ground tissue begin opposite this point. 

Tumour strands in the outer cortex resulting from inoculations of Bact, 
tumefaciens in this region have been found to arise from extension of the bacteria 
along intercellular spaces running longitudinally in the stem or drawn out by 
rapid elongation of young parts, the cells bordering the infected spaces being 
stimulated to active division (Fig. 146). A secondary gall has been found to 
develop at some distance from the point of inoculation, and in this a closed vascular 
sphere may occur, having no vascular connection with the central cylinder of the 
stem. In some pith strands the cells bordering the first-formed tumour cells may 
show only hypertrophy but in others a vascular cylinder develops, with xylem 
outside. The vascular tissue may form around a core of tumour cells in a part 
only of these strands ; in strands in the pith and cortex it develops independently 
of the original cambium and usually at some distance from it. The inverse arrange- 
ment of the bundles thus formed in the pith resembles that found normally in 
many families of plants possessing medullary bundles. Sometimes also, both in 
normal pith and in the protoxylem of inoculated plants, only a little nest of phloem 
occurs without cambium or xylem, and it is interesting to note that a similar 
formation has been found in the middle part of the protoxylem parenchyma in 
kohlrabi plants prevented from flowering. The exciting cause of these inverted 
normal or induced formations appears to be unknown, though attempts have been 
made to explain them. 

When crown gall results from inoculation into the deeper layers of a herbaceous 
stem the tumour tissue may appear to burst through the central cylinder and cortex 
to the outside. This appearance is due to a progressive hyperplasy of the ray 
and cortex cells, the outer layer of the latter being sometimes crushed by pressure 
from below. In such erupting galls it is easy to follow the conversion of the normal 
cells into gall tissue by multiple division. In the tomato, the gall cells thus formed 
become smaller and smaller, by division, for some weeks, then enlarge somewhat ; 
an average normal cell of the cortex may be nearly 5000 sq. /x in area, and this 
niay fall by division to 166 /i after about a month and rise to over 400 ft in about 
two months. 
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Fj(? 147 — Cross-section sunflower stem inoculated with crown gall {Bacterium tumefaciens) by a 
needle wound in the young flower head, showing vascular ring, cortex, and epidermis formed 
around the wound, at the centre , in these pith bundles the orientation of the tissues is in- 
verted, the phloem being inside and the x\lem outside the cambium ; a few glandular hairs line 
the cavity, these resembling the normal epidermal hairs ( / circa 5) (after Smith, Mem Nat, 
Acad. Set , 22, No. 4) 

I’he tumour tissue from secondary tumours in herbaceous plants appears 
to be able to continue growth after removal from the infected plant. It still goes 
on growing when, after several ‘ generations \ bacteria cannot be isolated from the 
mass of tumour cells and the ground-up mass is incapable of infecting healthy 
plants. The apparently sterile tumour mass can be implanted by grafting into a 
healthy sunflower and will continue to grow into a tumour resembling a typical 
crown gall on the plant, reaching sometimes a diameter of i cm. after seven weeks. 
Work at East Mailing has shown that similar tumours can be produced by the 
growth-promoting substance indolebutyric acid, while in America it was found 
that indoleacetic acid causes both primary and secondary tumours, the latter at 
some distance from the treated site. Though it has been found that J 5 . tumefaciens 
can form indoleacetic acid in media containing tryptophane or other nitrogen 
compounds of high molecular weight, and the accumulated e’^^idence indicates 
that a diffusible substance is concerned in the development of the tumours, it is 
not yet clear what the substance is or whether it is a product of the host cells or 
of the metabolism of the bacteria, or even if it is one of the recognised growth- 
promoting substances, such as indoleacetic acid, at all. 

In woody stems such as those of the raspberry or blackberry, in which 
crown gall is not uncommon, the galls may appear as multiple outgrowths. 
In these infections the swelling may at first be confined to the region of the 
pericycle outside the fibre bundles (Figs, 148, 149). There may be no nests of 
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tumour tissue, as in the herbaceous stem galls, the swelling consisting of thin- 
walled radially elongated parenchyma in rows and with scanty contents. The 
multiplying cells lie below the cork, in the pericycle, which form in layers 
(the so-called polyderm) in the neighbourhood of the endodermal region. At 
this stage the new tissue may be regarded as a parenchymatous derivation of 
the actively dividing pericycle, but the reaction soon extends down between the 
fibre bundles and involves the tissues between them and the outer part of the 
phloem. The growth in this position bends up the pericyclic fibres and sepa- 
rates groups of them widely from one another. Here and there, usually not 
over the whole -arc underlying the gall, the cambium is stimulated to form 
wound wood, which is sharply differentiated from the normal xylem by a scarcity 
of fibres, the thinner walls and wider lumina of the tracheids, and the absence 
of large vessels. In the tumour mass outside the cambium single tracheids or 
tracheid groups are formed by differentiation in individual tumour cells, just 



Fig. 148. — Transverse section of stem of Himalaya giant blackberry affected with crown gall, 
showing general plan of host and gall tissues. Inset, in circle, section of cane showing entire 
gall in relation to the axis. The large-scale drawing is taken from right-hand portion, at junction 
of ggdl and stem. A, the outer layers of the pericycle, becoming meristematic. J5, the cortical 
host tissues. C, the outer pericyclic cambium fanning out into the gall to form secondary 
parenchyma. the thick-walled tracheids of medullary ray, added to from above by the 
pericyclic cambitim ; note the tom phloem and cavities, and crystals ; the deep dent in the 
aurface of the axial cylinder opposite the medullary ray. E, displaced vascular bundle. F, G, 
tracheids and fibres, developed probably from medullary ray and cambium, sweeping out into 
the base of the gall in Fig. 149. //, intrusive parenchyma (after Jones, Phytopath.) 
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Fig. 149 — Section of a portion of a gall showing general structure (see Fig 148) Ay the bacteria 
in a pocket at surface of gall, as at B and C At C, E, F, G, //, and other places, note portions 
of meristem or cambial arcs forming secondary parenchyma Note the variously shaped groups 
of hgnihed tracheids, some spherical as at Ey others V- or Y-shaped Z), details of a spherical 
group of tracheids foimed around a small group of paienchyma Just below li is a leaf trace 
pushed out into the gall and subsequently invested by a cambial meristem which has formed a 
few lignified tracheids towards the leaf trace, together with secondary parenchyma towards 
the gall Note the crushing and teaiing of gall parenchyma, with cavities, due to the contend- 
ing activities of the numerous cambial arcs (after Jones, Phytopath ) 


as occurs in an ordinary callus outgrowth and, as in callus, the tracheid islands 
may become bordered by a meristem producing further tracheids on one side and 
phloem or gall parenchyma on the other. The gall often becomes highly vascular- 
ised in this manner and some of the strands may reach the original central cylinder. 
The surface of the gall is usually a loose mass of brown collapsed cells with weakly 
lignified walls, resembling the hyperhydric tissue frequently formed on the sur- 
face of a callus. There is, indeed, a fairly close histological analogy between crown 
gall and wound callus of the type found causing knots on apple grafts. 

There is little reason for the supposed analogies between this plant gall and 
the malignant growths that form animal cancers. As will have been seen, the 
processes involved in its formation are not essentially different from those found 
in other plant galls. Similarly, the leafy outgrowths that sometimes occur on the 
galls, and that have been termed embryomata from a suggested resemblance to 
one type of cancer, are no doubt to be likened to callus shoots. 
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Organoid Galls 

There is another type of structural modification sometimes produced in plants 
as a result of the presence of a parasite in the tissues to which, though the changes 
are morphological rather than histological, the term ‘ gall ’ is often applied. These 
‘ organoid ’ galls, as distinct from the ‘ histoid ’ type already discussed, result 
especially from systemic infections with obligate parasites of the kind that do not 
kill the invaded plant parts at an early stage of parasitism. They are characterised 
by changes in the morphological plan of the shoots or other organs affected, or in 
the rhythm of their development. 

Marked changes in symmetry and habit may be found in plants affected by 
some rusts and mildews. A good example is the change from the normal short 
unbranched stem, with radical leaves, of Launea asplenifolia, a common Indian 
weed, to an elongated much branched axis, with cauline leaves, when infected 
with Puccinia butleri, a systemic rust. Stem elongation is caused by Ustilago 
hypodytis on Elymus arenarius and Sclerospora sacchari (oospore stage) on sugar 
cane and the number of internodes and leaves is increased by various 
rusts, e.g. Uromyces pisi on Euphorbia cyparissias and by Gibberella fujikuroi in 
the ' bakanae ’ (elongating) disease of rice in Japan, where it has been traced to 
the production of a crystalline active principle gibberellin ; shortening of inter- 
nodes (up to 45 per cent.) occurs in rye attacked by Urocystis occulta. 

The symmetry of the leaves is altered in some diseases. They may be changed 
from simple to irregularly lobed in Berberis buxifolia attacked by Aecidium Jacobs- 
thalii in South America. In the ‘ reversion ' disease of black currants (Fig. 389) 
(Part II, p. 830) one of the most useful aids to diagnosis is the change in 
the venation and, especially, the lobation of the leaves of affected plants. The 
reverted leaf may have only three main (palmate) veins, diverging from the top 
of the petiole to the extremity of three main leaf lobes, instead of the usual five of 
each. Lateral sub-veins from the middle main vein (the midrib) are reduced to 
about half the normal number, but they serve to supply nearly all the teeth on the 
leaf margin, whereas the 10 to 16 sub-veins of the normal leaf do not supply more 
than about half the teeth of the apical lobe. The reverted leaf, best seen on wall- 
grown shoots in May and June, is smaller, narrower, flatter at the base, coarser 
and of a deeper green than normal. An extreme example of the opposite tendency 
is to be found, as the name implies, in the ‘ fern leaf ’ type of tomato mosaic 
disease (Fig. 172), while some forms of tobacco virus infection can cause a twisting 
of the leaf so that the under surface faces upwards. Another remarkable effect 
of virus infection on leaves is the formation of ‘ enations green cup-shaped or 
blade-shaped profusions, generally on the under side of the leaf. Distortions 
due to virus diseases, however, will be more fully discussed in Chapter VIII. 
The very remarkable leafy outgrowths from the leaves of bracken caused by the 
fungus Taphrina laurencia in Ceylon are probably due to processes similar to those 
causing enations. 

Perhaps the most profound modifications of the type under discussion are 
caused in inflorescences and single flowers by the action of certain fungi and viruses. 
One of the commonest of these changes is the inducement of ‘ phyllody * or the 
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transformation of flower parts into leafy organs. This is found in several virus 
diseases of tomato, sandalwood and other plants, in the flower of the Japanese 
plum Prunus mume, infected by Caeoma makinoi^ and in certain crucifers attacked 
by Cystopus candidus. Single flowers may be doubled by the development of 
additional petals {Viola sylvestris infected by Puccinia violae) or their symmetry 
may be changed from the regular (actinomorphic) to the irregular (zygomorphic) 
plan and vice versa ; in Matricaria inodor a attacked by Peronospora radii ligulate 
flowers may be found in the centre of the disc and tubular flowers at the margin). 
The rudimentary stamens in pistillate flowers of Lychnis dioica may become fully 
developed when attacked by Ustilago violacea, except that the pollen is replaced 
by spores, while in the contrary direction the maize ‘ tassel ’ (male inflorescence) 
when infected by LL zeae may bear female or bisexual flowers, or even normal 
grain at its base. Some rusts prevent flowering of the host when there is a perennial 
mycelium extending from the root-stock to the growing point but permit normal 
flowering when the infection is local 

The effects produced on the inflorescence of certain crucifers by Cystopus 
candidus may be very intense (Part If, p. 635). The flower stalk and axis of the 
inflorescence may be enormously thickened (up to 12 to 15 times the normal 
diameter), while the floral parts are wholly or in part fleshy, green or violet and 
persist instead of falling early. The petals may resemble sepals and the stamens 
become leaf-like or occasionally like carpels. The latter may be open instead of 
united into an ovary, while the ovules and pollen grains may be atrophied, thus 
causing sterility ; sometimes the pistil may be much swollen into a conical thick- 
walled sac containing sterile ovules while the anthers may have supplementary 
pollen sacs or become like carpels by the development of stigma-like structures 
at the tip and rudimentary ovules along the margin. Occasionally the flowers 
revert to the primitive spiral insertion of their parts. Chlorophyll and starch 
may be copious even in the petals and stamens ; hairs may develop on the anthers, 
and stomata in the inner epidermis of the enlarged ovary. In this case the tendency 
to a lessening of differentiation in the tissues of the swollen parts, which is marked, 
is carried further to a tendency to reduce the differentiation of organs. 

One of the most striking cases of virescence of the inflorescence accompanied 
by leafy modifications of the floral parts is the ‘ green ear ’ disease of millets in 
India, Africa, Japan, the United States, and elsewhere, caused by Sclerospora 
graminicola. As the name suggests, the chief symptom of the disease in the 
commonly affected bullrush or pearl millet, Pennisetum typhoideunty is the trans- 
formation of the solid spicate ear wholly or in part into a loose green head, com- 
posed of a mass of small twisted leaves. This is due to the replacement of the 
upper part of the axis of each floret, which normally forms the grain, by a short 
leafy shoot. The bristles below the glumes are enlarged and contorted and the 
fertile glumes enlarged and sometimes turned green. The stamens are often 
converted into minute leaf-like organs with a distinct division between blade and 
sheath. When not so transformed, they may occur as brown pointed bodies with 
no tr^ce of the anthers, or if the anther is formed, its size relative to that of the 
filament may be much altered and pollen may be absent. The pistil often under- 
goes median proliferation, being replaced by a small leafy shoot, but sometimes 
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by a minute branched axis with undeveloped buds, or by a simple, hollow, horn- 
like growth, which may be a leaf united along its edges. Sometimes two spikelets 
arise from the pedicel instead of the usual one, and the number of florets on a 
spikelet in infected ears may be increased from two to three or four. On the other 
hand, oats infected by Sclerospora macrospora in Mississippi bore only a single 
seed -like structure in the glumes instead of the normal two close together. The 
median floral proliferation, which is the main characteristic of the ‘ green ear ' 
cereal diseases, occurs also in certain virus diseases. 

A remarkable instance of structural modification is caused by an organism 
first isolated in the United States from fasciated sweet peas. Later, this organism, 
Bacterium (or Corynebacterium) fascianSy was found to be parasitic in a number 
of garden and other plants in England and to cause leafy and fasciated outgrowths 
from the buds at the crown of the root-stock and at the stem nodes, when inoculated 
in these sites. In some plants the leafy shoots from the base are so numerous as 
to appear like moss. Bud inoculations on seedlings (e.g. French bean) cause galls 
at the growing point and in leaf axils, with a complete check of normal growth ; 
in other plants fasciated or cauliflower-like shoots are produced. Proliferation 
is confined to the bud tissues, inoculations elsewhere on leaves, stems and roots 
producing no eflfect. Amongst the 25 genera from which B. fascians has been 
isolated are peas, beans, strawberries, chrysanthemums, petunias, and asparagus. 
In strawberries a high proportion of inoculated seedlings of the St. -Jean variety 
developed leafy and floral abnormalities resembling those caused by cauliflower 
disease, but the inoculation of ‘ runner \plants gave inconclusive results. 

The term witches’ broom is applied by the country people in some parts 
of Europe to irregular tufts of crowded twigs found in trees and shrubs. They 
have, as indeed have several of the ‘ organoid ’ type of galls above-mentioned 
(including those in the last paragraph), some of the characters of ‘ histoid ’ galls, 
for the tissues that take part in their formation are often swollen. Their chief 
character, however, is the production of short twigs in irregular groups, often 
all turned upwards and with small leaves. When due to fungi, rusts and species 
of Exoascaceae are mainly concerned ; the fungus passes into the new shoots 
produced each year, and often fructifies on them. When spore production is 
finished, the leaves and sometimes the younger twigs die off. Well-known examples 
are the brooms produced by Taphrina cerasi on cherries and those on silver fir 
{Abies pectinata) due to Peridermium elatinum. Mites and insects sometimes cause 
similar growths, and some brooms on pine and spruce are not caused by parasites, 
but appear to be due to an innate heritable tendency of the tree. 

In galls, whether ‘ histoid ’ or ‘ organoid ’, with rare exceptions, there is 
nothing new in the tissues or organs of reaction, but merely a disorganisation or an 
intensification or inhibition of normal processes of tissue and organ formation 
and differentiation. The parasite can do no more than call out or suppress powers 
which the cells and tissues already possess, powers which plants can ordinarily 
make use of in dealing with such accidents as wounding or in meeting extremes 
of environmental or nutritional or growth modifying conditions. Indeed, most of 
the modifications in tissues and organs caused by parasites can be paralleled by 
those brought about by physiological processes without the intervention of a 
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parasite, or by examples selected from the extensive literature of plant teratology. 
In the ‘ quercina ’ virus disease of the thorn apple Datura stramonium the spines 
on the capsules are eliminated, the stigmatic surface of the pistil is elongated, the 
tubular corolla becomes one with separate petals, and the leaf margins are eroded. 
All these modifications have been recently found in a hereditary mutation of the 
same host In speculating on the causes that may underlie some of these modi- 
fications, especially those of the type found in organoid galls, it is impossible to 
avoid the suggestion that they may be due to dislocation in the production or move- 
ment of growth controlling substances, much light on the existence and properties 
of which has been obtained in recent years. Little knowledge, however, is as yet 
available as to the part they play in stimulating gall formation though, as already 
mentioned, they seem to be concerned in the production of crown-gall tumours. 
It is worth mentioning that phytohormones are formed in abundance by some 
fungi (yeasts, Rhizopus, Glomerella cingulata) and may have a similar effect to 
those in a crude lentil extract in promoting growth in Nematospora and fructifica- 
tion in many fungi ^7. u). It is not only the meristems that have the ability to 
respond to stimulation by the development of new tissues or by modifications in 
the products of their activity : other living tissues can play a part not less important. 
No doubt meristems respond very readily, and there may be indications that the 
pericyclic region is easily stimulated into activity in some plants, but the examples 
given above show that this sensitiveness must not be given undue importance. 
The generalisation has been made that in all living plant cells there slumbers the 
potentiality for the development of all histological characters that appertain to 
the particular species. The study of galls gives point to this remark. 

Effects on Single Cells and Cell Membranes 

So far the pathological modifications discussed have been chiefly those affecting 
tissues and organs of the plant. The changes in single cells and cell membranes 
brought about by the presence of a parasite have been only incidentally referred 
to both in this chapter and in earlier ones, but it will have been inferred that they 
fall into certain main groups according as the parasite is a cause of cellular necrosis 
or is one which stimulates the cell to divide and become more or less meristematic, 
or even lives in equilibrium with the host, causing no appreciable change in the 
earlier stages of its development. 

Cell Contents 

The cell may be killed without reacting against the attack. There may be no 
increase in size or change in the nature of the contents, except such as results 
from their death and consumption by the parasite. The whole cell contents may 
collect towards the centre in a grumous mass, which turns brown apparently from 
the oxidation of substances like tannin present in the cell, and breaks up into 
amorphous granules often with the formation of refractive brown globules ; these 
have been mistaken for parasites {Pseudocomis) on several occasions. Some- 
times the liquid of the cell is rapidly removed, and the ordinary effect of wilting 
from drought (plasmolysis) is produced. Starch may be hydrolysed, or may 
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be left unaltered especially when the cell has been rapidly dried out. Several 
of the potato tuber rotting species of Fusarium can hydrolyse gelatinous starch, 
but have no effect on the unbroken starch grains of the tuber. Chlorophyll may 
be reduced — leading to pallor of the infected area (Peronosporaceae) — or destroyed, 
when browning usually follows. Or it may be increased (reversion disease of 
black currants) or preserved to form green islands after the rest of the green tissue 
withers (many rusts, Rhytisma acerinum on the leaves of sycamore, Septoria apii 
on celery, apple scab on leaves sometimes). In some rusts there is evidence that 
not only is the chlorophyll preserved but the chloroplasts are stimulated to 
increased activity by the fungus A development of red or purple pigment 

due to the formation of anthocyanin often results from infection by rusts, 
Exoascaceae and other fungi, especially on the side towards the sun. This is also 
a frequent occurrence in the abnormal stems, petioles and leaves produced by 
systemic rusts and other parasites such as Bacterium fascians. The common 
Oidium euonymi-japonici causes large red blotches from this cause on Euonymus 
leaves in the spring, which extend beyond the area bearing the haustoria of the 
fungus. The nucleus may be enlarged or become lobed or even fragmented, 
as in cells of the shepherd’s purse attacked by Cystopus candidus. Calcium 
oxalate crystals may be increased in apple scab, or reduced in buckthorn infected 
with the aecidial stage of Puccinia coronata. Infection is reported often to stimu- 
late the activity of the mitochondria, and also to cause an accumulation of 
phenolic compounds in the cell vacuoles. These have been thought to exercise 
a protective action against parasites. The distastefulness of uncongenial or 
resistant hosts to some fungi is probably due to the presence of substances in 
the cells ; but it is a local reaction and not comparable with the formation of 
true antibodies such as play so important a part in the protection of the animal 
body against disease. 

Cell Membranes 

Action by the parasite and reaction by the host are more obvious in the cell 
membranes than in the cell contents. It has already been mentioned that the 
parasite may penetrate cell walls by pressure or by the solvent action of enzymes, 
pressure being chiefly used against cutin and suberin but also sometimes against 
internal walls devoid of these substances, while the pectin and cellulose membranes 
of the softer interior tissues are usually dissolved by enzymic action. Action on 
cellulose membranes has been, perhaps, most fully studied in certain leaf and 
twig parasites which occupy chiefly the subcuticular and epidermal walls (Fig. 150) 
and in fungi which attack woody tissue ; action on the lignin (which is responsible 
for the most widespread of the secondary modifications which the primary mem- 
branes undergo) is best seen in woody tissues ; while the soft rot which results 
from pectin dissolution has been most closely studied in tubers, fruits and other 
storage organs 

Cellulose is the most important constituent of plant membranes, forming the 
bulk of the walls of the softer tissues and of all young parts that have passed the 
pectic stage. Most parasitic endophytes are capable of dissolving cellulose by 
means of cellulose enzymes. Sometimes the power is restricted to certain organs 
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Fig 150 — Action of Lophodermium ptnmtn in the leaf tissues of Scots pine The fungus dissolves 
the middle lamella of the vertical walls of the epidermal cells The sclerosed thickenings in 
the latter are thus removed to make room foi the apothccia, at the base of which they collect, 
as in B, being pushed down by the developing fungus C, an early stage of apothecial develop- 
ment showing ascogenous hyphae, and formation of a thickened roof to the apothecium (after 
Jones, Ann Bot ) 

or stages in development of the parasite, as in a number of Peronosporaceacy 
smuts, and the like that are intracellular in or near the epidermis in the early 
stages of penetration but are subsequently confined to the intercellular spaces ; 
pressure, however, may be involved also in some of these last. Cellulose and other 
membranes may be penetrated by a hole which does not subsequently enlarge, 
presumably because in such cases the enzymes involved are released only from 
the tips of the hyphae. 

In the subcuticular parasites whose vegetative thallus is mainly just below the 
cuticle or in the outer surface layers of the epidermal cell walls, entry into the 
host is effected by a fine infection hypha ; this penetrates the cuticle and enlarges 
below into a mycelium which does not gain access to the lumen of the underlying 
epidermal cell. Some seem to dissolve their way in the cellulose part of the wall 
(apple spab) (Fig. 151), others to force a passage by mechanical means {Guignardia 
bidwellii). The epidermal walls are often impregnated with cutin, cutinised walls 
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sometimes extending to the radial and inner 
sides of the cells ; mechanical force may be 
required m passing along these, since cutin- 
dissolving enzymes have not been found. 
But in most fungi of this type there are evi- 
dent signs of dissolution of the cellulose and 
little doubt that the fungus gets part of its 
carbohydrate nutrition from this source. In 
practically all subcuticular fungi there are, at 
the same time, signs of depletion of the un- 
derlying cell contents, modifications in the 
chloroplasts, desiccation and browning, often 
accompanied by a formation of wound cork 
deeper in, so that there is evidently a passage 
of substances (enzymes, toxins, or the like) 
from the fungus to the host cell and, pre- 
sumably, a transfer of nutrient in the reverse 
direction. The vegetative thallus, which often 
extends down to some extent in the radial 
walls of the epidermis, eventually is able to 
complete its development and form spores, 
set free by rupture of the cuticle. 

Another group of fungi which consume 
the cellulose of the cell membranes comprises 
those responsible for the brown rots of wood. 
This is a large group containing both para- 
sites and saprophytes but all characterised by 
attack restricted more or less completely to 
the cellulose, pentosans, and hexosans of the 
wood, and all increasing the acidity and the 



Fig 151 — A, infection hypha ol \^enturija 
inaequahs enteiing cuticle ot apple 
fruit B, diagram of digestive action 
of d hypha on the outer membrane, 
in transverse and longitudinal section 
M, hyphal cavity , w, hypha wall , h, 
brown products of digestion ; e, zone 
of digestion , cut, cutinised part, and 
ce, cellulose part of membrane C, 


solubility in alkali of the products of decay. formation of reactionary cork in apple 

17 • ^ 11 1 j r twig attacked by Venturia inaequahs 

Even in extremely decayed wood, however, P, penetration of the reactionary cork 

dll the cellulose is not necessarily destroyed, formed m pear twig attacked by 

and part of the pentosans may also be left Ventuna pinna (A, after Wiltshire , 

{homes roseus). Lignin is little affected in Fungi and Disease m Plants) 

this type of rot, the enzymes concerned in 

which seem to be those which effect hydrolysis (see p. 71). All the fungi in- 
volved can use cellulose as a source of carbohydrate nutrition ; tests at the Forest 
Products Research Laboratory at Princes Risborough have shown that Trametes 
serialis can live with chemically pure Sitka spruce cellulose as its sole carbohydrate 
nutrient. The cellulose is usually converted into glucose before consumption. 
All the fungi in this group can also use the hexose and pentose sugars that result 
from the hydrolysis of hexosans and pentosans. Easily hydrolysable hexosans 
such as mannan and galactan may be amongst the earliest substances to be con- 
sumed, though more usually the pentosans are the first to disappear. 

Amongst the saprophytic species affecting wood in this way the best known is 
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Merulius lacrymans^ the chief cause of dry rot in structural timber in temperate 
climates (Fig. i8). This fungus dissolves much of the cellulose in six months, 
during which time it can cause a loss of 45 per cent, by weight of the wood, rising 
to about 70 per cent, in two years. Like many other wood destroyers it forms 
much water from the wood, which drips away (hence the name lacrymans) and 
also provides the moisture necessary for its further progress into dry timber. 
There is little or no delignification, the residue consisting of a rather homo- 
geneous lignin body apparently similar to that yielded by sound wood on treatment 
with caustic alkali under pressure. A certain amount of the other constituents 
of the wood, more or less modified (oxy cellulose, pentosans, etc.), are also left. 
The methoxyl content of the decayed wood may be increased by as much as 
77 per cent, and uronic acid is also increased. The final product of the decay 
is considered to be closely allied to humus. Coniophora cerebella (C. puteana) 
can also reduce the weight of the timber by about 70 per cent, and leaves a humus- 
like residue. In the brown rot caused by Poria vaillantii the loss of weight in 
Scots pine sapwood may be about 55 per cent, after two years and in spruce 
wood attacked by this fungus all the cellulose may be gone in six months. 

Trametes serialis is one of the most important sources of decay of coniferous 
timber in western North America, causing a cubical rot of redwood {Sequoia 
sempervirens) and a butt rot of Sitka spruce, Douglas fir, and other softwoods. 
It causes an acid hydrolysis of Sitka spruce which alters the chemical composition, 
increases alkali solubility and reduces the strength of the wood before any loss 
of weight can be detected. The loss in mechanical strength may exceed 1 5 per 
cent, in the first fortnight, whereas it may take four or five weeks before any 
significant loss of weight occurs. The wood is composed, as to about 99*1 per 
cent, of its weight, of cellulose, lignin, pentosans not in the cellulose, and water- 
soluble material, and this fraction was found to lose only about 4 per cent, in 
three or four months, the loss falling on the cellulose and pentosans. The rise 
in alkali solubility runs parallel to loss of strength, which may increase steadily 
to about 80 per cent. ; then it slows down. In the early stage there is little change 
in the appearance of the wood, and aeroplane timber which has failed under 
test may show, on microscopic examination, hyphae well in advance of any visible 
sign of decay. With Polyporus schweinitzii (see p. 943) it causes the condition 
known as ‘ dote ’ in Sitka spruce, one of the chief timbers used in aeroplane 
construction. 

Other active brown rot fungi which have little effect on lignin include Pomes 
pinicolay which is sometimes parasitic, but very rare in Britain, Lenzites trabea and 
L. abietina, L, sepiaria, which is a fairly common cause of decay of pine timbers, 
is found in pit props, can reduce the wood of Pinus taeda and P. caribaea to a 
brown crumbling mass and has an exceptional armament of enzymes, and Lentinus 
lepidetiSy which eventually may cause a slight loss of lignin owing to hydrolysis of 
the methoxyl groups in it, and which may, like P. pinicolUy cause large holes in the 
wall when it passes from cell to cell. 

The other main group of fungi causing decay in standing (p. 941) or fallen 
timber consists of those responsible for the so-called white rots. The white 
rots are more important to the forester as a rule than the brown rots, since they 
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comprise a number of the most serious parasites of the wood of trees (see p. 945). 
Their action is not limited to hydrolysis for they possess also oxidising enzymes, 
in contrast to the brown rots, many of which show reductase activity. They 
attack all the major components of the cell walls of the wood, but there is no 
uniformity of sequence or proportion in their destruction of these. Some attack 
the chief components of the wood simultaneously, others cause delignification 
before the cellulose is depleted, others again show a delayed delignification. The 
variations are in part due to differences in the time when one or another type of 
enzyme (hydrolytic or oxidising) becomes active, and the course and speed of the 
secondary reactions. Where delignification precedes cellulose decomposition, it 
has been suggested in certain cases that an oxidase from the fungus acts first 
on lignin and pentosans to produce acid and that the oxidase with acid can com- 
plete the process involving the depletion of the cellulose. The lignin destroying 
fungi can digest lignin presumably after decomposing the aromatic content and 
the aliphatic carbohydrates that constitute its two major groups of compounds. 

Polystictus versicolor is a very good example of the white rotting fungi, for it 
can so completely destroy beech wood as to leave only a fraction of i per cent, 
after two years. It attacks the ray cells and wood parenchyma first, reducing the 
lignin, pentosans not in the cellulose, cold-water soluble and i per cent, alkali 
soluble compounds, before the cellulose and its associated pentosans and the 
hot-water soluble fractions are diminished. It also bleaches the wall pigments. 
Like many other white rotting fungi, the i per cent, caustic soda solubility of the 
pentosans not in the cellulose diminishes as the decay progresses, so that there is 
ultimately no marked increase in the total alkali solubility as compared with sound 
wood. Loss in strength exceeds loss in weight. 

Trametes pini (Figs. 152 b, 434 i) causes a 
red rot in some hosts, but the white or pocket- 
rot type of decay is eventually found and is 
due to a progressive delignification working 
outwards from the tertiary layer of the 
membrane to the middle lamella ; cellulose 
is attacked later. Like Fomes annosus (p. 915) 
it may dissolve the middle lamella, causing 
the cells to fall apart, before the cellulose is 
completely destroyed (Figs. 152 a, 424). 

Trametes suaveolens follows the same course 
from within outward in its action on the 
wall in willows and poplars, but cellulose is 
depleted before lignin. Ganoderma curtisii 
(regarded by some as a synonym of G. 
lucidum) causes a white basal rot of hard- 
woods in the south-east of the United States, 
destroying the middle lamellae of the vessels 
and large ray cells, delignifying these and 
corroding the bordered pits into large holes. 

Stereum frustulatum (Figs. 433 G, 435 b) causes 



Fig. 152. — A, action of Fomes annosus^ 
and in B, of Trametes pini, on wood 
of pine and spruce respectively. 
The lignihed walls (dotted) are 
gradually delignified, and the middle 
lamella dissolved, leaving isolated 
cells below, with walls of cellulose 
(after Hartig and v. Schrenk) 




Fig. 153. — ^Woad of the lime attacked by Ustulina vulgaris (U, deusta), transverse and radial 
sections through the timber m the wound-gum region (stained with Cartwright’s stain) ; the 
products in the vessels stain blue (cross-hatched), in the tracheids red (full black). B, trans- 
verse section of a very diseased part of the timber ; decay is more marked on the autumn than 
on the spring wood of the annual rings ; the large vessels of the spring wood appear to be 
una£fect^ ; vessels, rays, and wood parendiyma show no sign of disintegration, but the 
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white pocket-rot of oak by an early concentration of delignifying activity in oval areas 
separated by firm woody tissue. The pockets at first contain cellulose with some 
hyphae but are eventually empty. All the wood-decaying species of Stereum act in 
much the same way, the white areas being merely places where the lignin decom- 
position has proceeded most rapidly so that a higher proportion of white cellulose 
is left, but some of the cellulose is consumed early and eventually most of it disap- 
pears so that there is no real selective action on lignin apart from the time factor. 

Armillaria mellea causes a decay which has some of the characters of both 
the brown and the white rots but can best be included with the latter, with which 
it shares the capacity to produce both hydrolysing and oxidising enzymes and 
failure to increase appreciably the total alkali solubility of the wood ; at all stages 
this solubility is greater in the brown than in the white rots. A. mellea begins by 
attacking the cellulose and associated pentosans but it depletes the lignin also, 
causing a soft, wet white rot (in citrus), while in advanced stages of decay it may 
cause coniferous wood to turn light yellow or white, (e.g. in Douglas fir). Polystictus 
ahietmus is a sap wood destroyer and can evidently assimilate the cell contents of 
the wood parenchyma as well as the membranes. It destroys cellulose more 
actively than lignin, though early attack on both has been reported. It has an 
exceptional enzyme armament, 15 hydrolysing and 4 oxidising enzymes having 
been detected. It can assimilate tannin, the phenolic groups of which are prob- 
ably first oxidised by the laccase of the fungus. 

Phellinus cryptarum gained a wide notoriety some twenty years ago as the agent 
chiefly responsible for the destruction by white rotting of the oak beams in the old 
Louis XIII wing of the Palace of Versailles. It is, in fact, a not uncommon cause 
of the type of decay of structural oak in England which is usually attributed to 
the ‘ death-watch ’ beetle, Xestobium rufovillosum. There is little doubt that 
a similar attribution would have been made in Versailles had the palace happened 
to be (like Westminster Hall) in this country, the more so since the beetle was 
found in some of the beams. Work at Princes Risborough has shown, however, 
that the death-watch beetle colonises chiefly wood that has already been softened 
by fungal decay, various types of which may be involved, and that it is almost 
impossible to get its first-stage larvae established in sound wood. This does not 
appear to be due to specific modification of any particular organic component 
of the wood, all the main compounds in which may be decomposed simultaneously, 
but to mechanical softening which facilitates boring by the beetle in conformity 
with the extent to which decay has proceeded. The life-cycle of the beetle is 
shortened according to the extent of decay, so that the speed of its depredations 
is increased. This effect, which may be considerable, is apparently associated 
with the nitrogenous metabolism of the insect, which is affected by the content 
and distribution of the nitrogen present in the decayed wood. While it would be 
difficult to assess the relative parts played by insect and fungus in bringing about 
final collapse of t he structure, it seems safe to ascribe the origin of the trouble to 

tracheids become completely disorganised, so that only the middle lamella is left, and finally 
the tracheids disappear entirely, leaving an empty space surrounded by the non- disintegrated 
elements. C, a transverse section of the junction between the diseased and the discoloured 
wood, showing the black line and the relative distribution of the hyphae. D, a longitudinal 
section through the same region as shown in C (after Wilkins, Trans, Brit, Myc. Soc.) 




Fio 


154 —White rot of elm caused by Ustultna vulgarts A, comparison of sound wood (Irft), 
and diseased wood (right); note, in latter, m general, the ring vessels 

together with the rays, resist disintegration, but all the tissues m be ** u ’_i.„ ’ 

fibres, and wood parenchyma, sooner or later disintegrate. Progress o ^ Kw^mfiltrotinn 
s^, the first, sLwn in B, is the occlusion of the fibres and wood f 

prc^ucts 'which, at this stage of decay, stain red with Cartwright s stain, suggestmg some kind 
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fungal decay, the prevention of which, by means that are quite well known, assumes 
an enhanced importance from the knowledge now available of its influence on 
the biology of the death-watch beetle. 

The Ascomycete Ustulina vulgaris (f/. deusta) is parasitic on the lime (Fig. 153), 
in the wood of which it destroys at the most advanced stage of decay about one- 
third of the original cellulose and one-fourth of the lignin. There is a red zone 
between the sound and decayed parts in which about 4 6 per cent, by weight 
is lost, almost all of it cellulose. It is also a parasite of elm heartwood (Fig. 154) 
in which it disintegrates the fibres, wood parenchyma, and vessels of the summer 
wood, leaving the medullary rays and large vessels of the spring wood almost 
unharmed. On Acer in America a brittle white cone of decay is caused, but 
eventually little is left but the black zones in the wood ; these are further discussed 
below (p. 219). Polyporus subacidus has a similar selective action on the summer 
wood of spruce, but Lenzites sepiaria seems to prefer the spring wood in the early 
stages of attack. Marked differences also occur in ability to attack heart- and sap- 
wood, as in Trametes pini which seems unable at first to attack sapwood, Polyporus 
squamosus which is much more easily established in heart- than in sapwood, and 
Polyporus shoreae which may be closely restricted to the latter. The fact that 
the sapwood may be an effective barrier to the outward extension of fungi decaying 
the heartwood may sometimes be very important in preserving the life of the tree. 

It has recently been claimed from a study at the Yale School of Forestry of 
the white and brown rots of various coniferous trees decayed by Fames annosus, 
T, pini, Polyporus schweinitzii, Poria weirii, Lenzites trabea and Trametes serialis 
that penetration of the walls of the wood is effected wholly by enzyme action. 
This is stated to cause local total dissolution of the membrane in advance of passage 
of the hyphae, which need not actually come into contact with the wall except 
perhaps at the site of the earliest stage in penetration when contact may stimulate 
enzyme secretion from the hyphal tip. Similarly it has been stated that the cellulose, 
lignin, and pectin of the wood of Abies alba are dissolved by the parasite Fomes 
hartigii in Austria entirely by enzymic action, without need for the mycelium to 
touch the wall. If these exo-enzymes were produced in quantities approximating 
that of the pectinase of Botrytis cinerea, there might result a weakening of the 
woody tissue along the course of the vessels above the area actually invaded by 
the fungus ; so far, however, no evidence of this seems to be available. 

Many other cells besides those of the xylem may become lignified, and many 
fungi other than those causing the brown rots of trees and timber find difficulty 
in penetrating or dissolving lignified walls {Pythium, Sclerospora, some rusts and 
smuts, etc.). The same seems to be true of Xanthomonas stewarti, by which a 
good many vessels of resistant varieties of maize may be penetrated while they 
are seedlings, and moderately susceptible varieties show a development of heavily 
lignified parenchyma around the infected protoxylem which is absent from the 

of lignin complex ; the second stage, shown in C, a cross-section from the summer wood 
(towards the end farthest from the spring wood), appears to be the gradual disappearance of 
the infiltration pinducts, and disintegration of the fibres. The final stage of decay, in D, shows 
that continued disintegration leads to an almost complete disappearance of the fibres and wood 
paren<diyma, as well as considerable breakdown of the vessels of the summer wood (after 
Wifldns, Tram. Brit. Myc. Soc.) 
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most susceptible varieties. Lignification is at once the commonest and, perhaps, 
the most rapidly brought about of the secondary modifications that cell mem- 
branes undergo. The walls of cells lying in the path of an invading mycelium 
sometimes become lignified, and this reaction can be regarded as a defensive one 
even though it does not necessarily check the progress of the parasite (chestnut 
attacked by Endothia parasitica) (Fig. 155). In this respect lignification is even less 
universally efficient as a barrier than the suberisation of the wall which often fol- 
lows it or the development of wound cork, which as already mentioned is far from 
being invariably successful in the defensive reaction of the host. For this reason 
some find a difficulty in accepting such processes as defensive reactions at all ; there 
is no doubt, however, that they are often highly efficacious, as against the parasites 
that cause diseases of leaves and twigs, in inverse proportion to the rate at which 
the invaded organ forms defensive barriers. In the long course of evolution it is 
not unreasonable to conceive a stage during which the defensive mechanism of the 
host held the upper hand, only to be broken through at a later period as certain 
of the aggressors acquired a speed of penetration too great to allow of secondary 
reactions in the membranes, or the facility of secreting lignin-dissolving enzymes 
(like the fungi causing the white rots of wood), or of bursting a path through corky 
barriers (Armillaria tnellea) or turning their flanks (pear scab. Fig. 15 1 d). Nothing 
is more evident than that these ‘ defensive ’ reactions are now often blindly called 
into play without regard to their effectiveness, but this does not reduce their 
success against certain forms of attack, or lessen the possibility that they were once 
of considerable evolutionary value. 

The soft rots due largely to the dissolving action of pectinase'on the middle 
lamella of the cell membranes have already been discussed in an earlier chapter. 
They are responsible for much injury to storage organs, on which they act in 
the early stages by dissolving the middle lamellae and setting free the still living 
cells of the ground tissue. Eventually the cell walls and the contents are also 
broken down, but some, such as Botrytis cinereay leave the lignified part of the 
membranes unaffected. Several bacteria can cause rotting of this type, the 
commonest in Great Britain being B. carotovorum (Fig. 274 f, g), a cause of soft 
rot in many vegetables and other plants. A good many Phycomycetes, such as 
Pythiuniy Phytophthoray RhizoptiSy and the like, often produce a soft or watery rot 
in which pectic decomposition is a prominent feature. In certain diseases which 
ordinarily end in wet rot the original parasite causes a dry type of necrosis but 
secondary organisms following in its wake soon lead to a moist type of decay 
{Xanthomonas campestrisy Phytophthora infestans). In most rots of this type there 
is little or no attempt at a visible defensive reaction on the part of the host. 

Tyloses 

When woody tissues react to parasitic and other types of injury by the secretion 
of wound gum, a second reaction is frequently seen which appears to have a similar 
objective. This is the development of tyloses in the vessels of the wood, especially 
that of trees (Fig. 156). Tyloses are outgrowths from the living cells of the wood 
parenchyma and medullary rays, which pass through the pits in the vessel wall 
and swell up into thin-walled bladders in the lumen of the vessel. In the Dutch 
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Fig. 155. — Scheme of defensive 

mechanism. Reaction of cells. 
niy mycelium; i, cells dead, 
without reaction ; 2, angular 

lignification ; 3, ligno-subensa- 
tion ; 4, cork ; 5, meristem ; 
6, normal tissue (after Ducomet) 



Fig. 156. — Tyloses in watermark disease of the willow, 
showing vessels completely blocked with tyloses 
(adapted, from Oxford For. Mem., No. 3, by per- 
mission of Da>) 


elm disease tyloses and gum are stated to come from the same cells and to be formed 
simultaneously from identical causes. In the vv^atermark disease of the cricket-bat 
v^illow, the causal organism {Bacterium salicis) becomes active in the spring 
following infection of the outer layers of the new annual ring in the late summer, 
and oil accumulates in the ray cells of these layers, while tyloses appear in their 
vessels whether bacteria are present in the same vessel or not. These tyloses 
undergo a similar oily degeneration and the oil stains them and the contents 
of the ray cells brown. The brown stain has been suggested to result from the 
oxidation of catechol tannins or their breakdown products. Tyloses can be in- 
duced to form in elm, oak, lime, and other trees by injecting chemicals into the 
wood, but the degree of reaction to these various stimuli differs widely in different 
hosts. They seem seldom to be effective in blocking the way to parasites or 
preventing loss from other types of injury. 

Black Lines 

As already mentioned in the first chapter, various parasitic and saproph)rtic 
fungi which decay woody tissue produce sharply defined black lines. These are 
well seen in Armillaria mellea where they tend to mark the boundary between 
sound and decayed wood (Figs. 20, 21). The black line is the edge of a con- 
tinuous band of brown bladder-like cells developed from hyaline hyphae in the 
lumina of the vessels, fibres, medullary ray and other parenchymatous cells. After 
a time the bladder hyphae collapse and their contents stain the walls of the 
enclosing cells and fill all gaps with an impermeable layer. This layer surrounds 
completely an area of host tissue colonised by the fungus, and it has been sug- 
gested that it, as well as the black layer formed by Polyporus squamosus^ constitutes 
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an organ of preservation of the fungus to which the name ‘ pseudosclerotium ’ 
has been given. Quite similar black lines are visible in wood infected by Ustulina 
vulgaris (Fig. 153 c, d) and in that containing the mycelium of saprophytic species 
of Xylaria^ Hypoxylon^ etc. Another more diffused type of black 

line is caused by the production of the blocking layer of wound gum mentioned 
earlier in this chapter, and may be seen bordering the lesions caused by A, mellea 
in some hosts, demarcating the limit of the rot due to Ganoderma applanatum 
in many hosts and the decayed islands caused by Fomes annosus in the heartwood 
of the larch (p. 915) ; dark zones may also form as a result of the antagonism of 
two fungi along the line where the mycelia meet. 

Resin and Gum Flux 

Several parasites of conifers cause an outflow of resin, which is sometimes 
inimical to the progress of the mycelium ; spruce produces resin less freely than 
pine and, possibly for this reason, suffers greater injury from certain parasites. 
Gum is exuded from many trees, especially citrus and the stone fruits, both from 
parasitic and non-parasitic causes. Armillaria mellea not infrequently causes 
a resin flux from the base of trees like Douglas fir and it is sometimes a cause of 
gummosis in citrus, walnut and various species of Prunus. Citrus gummosis 
(‘ mal di gomma was one of the earliest symptoms of disease to be recognised 
in this host. It may result from the attack of almost any bacterial or fungal parasite 
of the stem or collar but is most prevalent in infections by the brown-rotting 
species of Phytophthora, It can also result from chemical injuries caused by 
spraying or fumigation ; is one of the symptoms of the copper deficiency disease 
known as exanthema ; and sometimes develops without apparent external cause. 
There is a formation of clear watery gum in the living cells of the cambial region, 
which may collect into pockets between the bark and the wood and finally escapes 
to the surface through ruptures in the bark. In Prunus and Acacia also gummosis 
may accompany the attack of parasites or result from non-parasitic causes. In 
neither of these hosts is it a reliable symptom of the presence of any specific 
disease. The etiology of these fluxes is not well understood. They are quite 
distinct from the exudation of bacterial slime found in herbaceous plants (e.g. 
cotton affected by Xanthomonas malvacearum) or trees (poplar canker). 
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Chapter VII 

THE PRINCIPLES OF THE CONTROL OF PLANT DISEASE 


In attempting to check diseases of plants, knowledge is usually required of the 
cause of the disease, of the life-history of the parasite, and of the circumstances 
which influence the establishment of parasitic relations between it and the host. 
Knowledge of the cause is of advantage, largely because it often allows of previous 
experience with the same or closely allied diseases being applied to specific cases ; 
treatment may thus be possible as soon as a diagnosis is made. Knowledge of 
the life-history of the parasite is clearly essential before all the methods of checking 
it can be tried ; such knowledge is available for most parasitic diseases of temperate 
plants but less often for those in the tropics. Knowledge of the circumstances 
which increase or diminish the power to injure of the parasite, and the resistance 
to attack of the host, has greatly increased during the past twenty years ; these 
circumstances, however, are so linked with small differences in climate and other 
external conditions, with the crop varieties grown or the strains of the parasite 
involved, with local agricultural practices and the like, that it is seldom possible 
to utilise rigidly the experience with them of workers in other localities in com- 
bating a particular disease. 

Considered broadly, it is impossible to assign a greater degree of importance 
to any one of these requisites than to the others. The cause of malaria in man 
was known for a considerable time before the life-history of the parasite had been 
followed out ; and the value of the use of quinine in the disease, as manifested 
by its destruction of the parasite in the blood, has not been lessened by the subse- 
quent discovery of the origin of the latter from mosquito bites, though this added 
to the methods of fighting it. The causes which lead to alterations in the severity 
of an attack are not likely, even when completely known, to reduce the significance 
of the earlier discoveries. Each step is dependent on what wei;it before, and none 
can be said to be the most important. Viewed in this light, the perennial con- 
troversy between those who believe that the parasite is thq important factor and 
those who consider that attention should be concentrated' on the condition or 
treatment of the host loses much of its meaning : a knowledge of each is equally 
important when the study of the factors influencing the severity of a disease is 
taken up and its control is attempted. 

While it is convenient to deal separately on paper with the three main phases 
of plant disease control, t he attack on the paras ite, the strengthening of the host, 
ai^d jhe m odificatio n of th e environmettt, in practice IlH must Tie taken together ; 
a rationariystenTof control to be applied to almost any parasitic disease will be 
based on considerations affecting the parasite, the host, and the cultural and 
climatic conditions in which the crop is grown. Very often these last are such 
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as to make the survival of the crop precarious ; for political or economic reasons 
the plant pathologist is posed with the problem of fighting disease in areas where 
nature has loaded the dice against him. The simple answer may not be given 
that the local conditions are unsuitable for the crop ; and it is left to the pathologist, 
in alliance with the plant breeder, to show how failure may be turned into success. 


MEASURES DIRECTED AGAINST THE PARASITE 

Methods of control based on combating the parasite include such aims as : 
(a) the exclusion of the parasite from contact with the host either wholly or during 
only temporary periods which carry special risk of infection, (b) field sanitation 
and the reduction of inoculum by attack on the sources of spores or other organs 
of infection, (c) protective applications to the host of substances that kill the 
inoculum before penetration is effective, and (d) curative measures intended to 
check the parasite after it becomes established. 

( a ) Exclusion of the Parasite from the Host 
Quarantine and Prohibitions 

Many of the most formidable outbreaks of plant diseases of which records 
exist have been due to the introduction of a crop parasite from some other part 
of the world. Whence the parasite came and how it entered are not always known, 
but there is sufficient evidence to show that trade in diseased plants is one of 
the greatest sources of danger. Against this menace most States have established 
plant quarantines. 

Sometimes a complete embargo is placed on the importation of living plants 
or parts of plants of a particular species or group of species either from all countries 
or from only such as are regarded as dangerous owing to the occurrence in them 
of certain diseases that it is desired to exclude ; importation under Government 
licence may at times be allowed in mitigation of an embargo. Occasionally plant 
produce such as timber, or other substances such as honey, may be barred on the 
ground that they may introduce disease, while packings are often strictly controlled 
for the same reason. Frequently only plant material intended for planting is 
covered by the embargo, that intended for consumption being admitted, while 
special regulations may be applied to seeds. Importation of the controlled material 
through the post or by air may be totally prohibited or allowed under restrictions. 

Sometimes planting material is admitted subject to detention so as to allow 
time for the detection of any disease that it may carry ; special quarantine stations, 
usually insect proof, are established for growing the plants under observation. 

Sometimes the material is admitted subject to disinfection on entry. Dis- 
infection is most frequently prescribed for seeds, as it is difficult to apply effectively 
to other plant parts ; it is obviously of little value against internal parasites (though 
heating is sometimes effective against these), but is useful for cleansing seeds from 
parasites or their spores occurring as surface contaminants. 

Sometimes reliance is placed on inspection at the point of entry, the 
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quarantine administrative staff usually having expert advice available in the 
examination of doubtful consignments. 

In the larger countries similar measures are sometimes taken to prevent the 
passage of diseases from State to State or Province to Province. They are not 
easy to apply and it has been found preferable in a good many countries to quaran- 
tine specified infected areas and prohibit the movement from them of diseased 
plants or other dangerous material. In Great Britain, for instance, an embargo 
was until recently placed on the supply of seed potatoes from wart-infected to 
wart-free districts, though it is now restricted to the wart-free areas near the 
Wash ; in the United States there is an embargo on the movement of all elm 
material from certain areas in which the Dutch elm disease is known to exist, in 
the States of New York, Connecticut, New Jersey, and Pennsylvania, into other 
States free from the disease. 

If imported material that may introduce plant diseases be divided into seeds, 
other planting or propagating material, and commercial produce, it may be con- 
cluded that disinfection is valuable for seeds in a good many cases but has a limited 
use against risk from the other categories ; detention is valuable for planting and 
propagating material only ; embargo may be necessary against commercial produce 
but is not often required against seeds or propagation material except from par- 
ticular areas ; while inspection has little value against danger from any of these 
categories. Commercial produce is often the most difficult to control and is the 
chief obstacle to an ideal quarantine system. 

Quarantines have unquestionably been effective in preventing the entry of 
many alien diseases and of delaying the entry of still more. In spite of them, 
however, scarcely a year passes without its record of some new extension of a 
plant disease into some important area previously free from it. The United 
States have probably as stringent and as strictly applied plant quarantines as any 
country in the world, yet diseases of major importance have slipped through them 
several times during recent years. Two examples may be mentioned : the Dutch 
elm disease was imported in logs from Holland, probably on various occasions 
from 1928 onward, and reached several of the eastern States before a concerted 
effort was made, at the cost up to date of some ^500,000 in direct Federal con- 
tribution alone, to check the spread ; ten years later the ring-spot disease of potatoes 
caused by Bacterium sepedonicum was first seen in Maine, whence it spread with 
extraordinary rapidity through the potato-growing parts of the country. Most 
other countries have had similar experiences. They may be traced to various 
causes : the inherent difficulty in recognising disease in a plant as compared 
with an animal or man ; the speeding up of transport so that material arrives fresh 
and viable even when it is only a bit of mycelium ; the increasing commerce in 
plants by trade and ‘ fancier ’ interests always on the look-out for novelties from 
distant lands, and sometimes also the similar introductions by scientific persons 
or institutes in need of fresh material for breeding or study ; ignorance of the 
distribution of many diseases, especially in the less developed countries whence 
many of the plant novelties are derived ; and ignorance of the means by which 
particular diseases may be carried. 

The prohibited imports in Great Britain include plants of the genus Ulmus 
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with a view to checking further introductions of the Dutch elm disease, and sugar 
beet and mangold plants (other than seeds) as a protection against virus diseases of 
these crops. 

Certification 

The dislocation of trade caused by plant quarantine is such that strenuous 
efforts have been made to secure their relaxation by measures directed to ensure 
that only healthy plant material is offered by the exporting countries. This 
entails a close supervision by accredited persons of the growing crop intended for 
export, and the issue of certificates of freedom from disease or from certain specified 
diseases by competent authority in a form acceptable to the importing country. 

In Great Britain, for example, all living plants (including all parts of plants 
except seeds) that are intended for planting are prohibited ingress unless accom- 
panied by an official certificate in a prescribed form from the phytopathological 
service of the country in which they were grown. The certificate must vouch 
that the living plants (or representative samples of them) were thoroughly examined 
on a date which must be not more than fourteen days prior to shipment and were 
found to be healthy, and must also state, unless the consignment consists wholly 
of potatoes, that no plant of Ulmus or of Beta vulgaris is included. For all potatoes 
an additional certificate is required that no case of wart disease has occurred on 
the farm or holding on which they were grown nor within two kilometres of it. 
Provision is made for the inspection of any consignment and for its treatment, 
destruction, or return if required by the inspector ; this regulation applies equally 
to packing materials and containers. In particular cases licences to import plants 
covered by these regulations may be issued by the Departments of Agriculture 
in England or Scotland. In Canada measures are taken to prevent the export of 
diseased or insect-infested consignments of certain plants. 

Notification of Plant Diseases 

Many countries list certain plant diseases, the occurrence of which must be 
notified by the owner or grower of the crop to the authorities. This is usually 
prescribed only for such diseases as have a limited distribution within the country, 
or against which restrictive measures are in force (e.g. potato wart and onion smut 
in Great Britain), and is intended to facilitate measures to prevent their further 
spread (e.g. the growing of immune varieties or treatment in a prescribed manner). 
Apart from such compulsory notification, plant pathologists, conscious of their 
ignorance of the world distribution of many important plant diseases, have urged 
the necessity of phytopathological surveys in all countries, and have often done 
their best to ensure that knowledge of the occurrence of particular diseases in 
their areas is made available to their colleagues in other countries. Experience 
has shown, however, that these voluntary efforts do not go far enough, and that 
there is need of the extension of the principle of compulsory notification to the 
international sphere. 

Eradication 

Attempts have been made in several countries to exterminate destructive 
plant diseases of limited occurrence within the country by the eradication of 
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all existing cases and quarantine measures to prevent new introductions. Some 
of these are described in the section on virus diseases (Chapter VIII), others 
have been applied against diseases caused by bacteria and fungi. Amongst the 
more successful have been the campaigns against citrus canker {Xanthomonas 
citri) in the United States and South Africa. This disease was probably introduced 
into the United States from Japan in 1911, and was well established in Florida 
and other Gulf States when recognised some years later to constitute a serious 
menace to the great citrus industry of that region. Eradication was vigorously 
pursued, a total of not far short of 4,000,000 grove and nursery trees being destroyed. 
Florida was cleared by 1927 and the other commercial areas shortly afterwards, 
so that it was reported in 1935 that complete success had been achieved, at a cost 
of more than $2,500,000. Subsequently, however, cases continued to occur in 
non-commercial areas in Texas and Louisiana, and an intensive elfort was made 
with relief labour to destroy this source of danger. This increased the number 
of citrus trees destroyed by another 13,600,000 to the end of 1936. From 1937 
to 1940, 1,144 diseased trees were found in the two States, but in 1940 only one 
infected property in each State could be seen, while all the commercial areas 
in the United States maintained their freedom from the disease. In South 
Africa the disease probably also came from Japan, and in the first year of 
eradication, 1917-18, 11,70a infected trees were found; after 1920, however, few 
cases occurred and in 1939 it was reported that none had been seen in the Union 
for nine years. The total cost up to 1927 was £56,193, but this included some 
other services. 

In areas where Puccinia graminis cannot, for climatic reasons, persist on cereals 
or grasses throughout the year, barberry eradication, enforced by law in some 
countries, has proved a powerful means of reducing losses from black rust. Indeed, 
barberry eradication laws had been enacted in Europe and America in the sixteenth 
and seventeenth centuries because of the obvious part played by the shrub in 
the blasting of the corn. In several northern European countries barberries 
are not allowed to grow within a certain distance of cultivated land (the limit is 
200 metres in some regions), while in others the barberry has been outlawed from 
arable land. In parts of Australia (where the barberry is not indigenous) every 
owner and occupier of land is required to destroy any barberries on it. In the 
United States it was estimated in 1934 that the barberry eradication campaign 
in thirteen of the north-central grain-producing States between 1918 and 1933 
had led to the destruction of 6,000,000 bushes and a saving of $20,000,000 annually 
to the grain-growers. In the intensified campaign subsequently carried out no 
less than 68,500,000 bushes are stated to have been destroyed in the United States 
in the single year 1936. 

Less happy has been the experience in the attempt to limit the destruction of 
the immensely valuable stands of white pine and other five-needled pines in North 
America caused by the blister rust, Cronartium rihicola (Part II, p. 929). This 
rust reached the United States in the last century and was for a long time confined 
to the east. Voluntary, State, and Federal effort combined to prevent its spread 
to the west and to reduce its ravages by the eradication of the alternate hosts, 
species of Ribes, Large areas were cleared of Ribes^ the highly susceptible black 
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currant being practically outlawed in some districts. Spread continued, however, 
so that by 1938 the rust was reported to have become established in most of the 
commercially valuable pine-producing areas of the United States, and the inter- 
state quarantines against the movement of diseased plants were withdrawn from all 
but eleven States and a part of California. The established fact that infection can 
spread from pine to Ribes over a distance of many miles is one of the main reasons 
for the failure to check spread in this case, but though the measures taken did 
not protect the western States, Ribes eradication has been continued for the lessening 
of blister rust damage ; in 1936 alone, 196,211,187 Ribes bushes were eradicated 
from 3,829,890 acres, of which 85,385 were cultivated black currants in the Lake 
States. The standard practice of eradicating the alternate hosts within qoo feet 
of the pine plantation borders affords fairly efficient protection of the latter. 

In New Zealand the control of fireblight {Bacterium amylovorum) in pear 
and apple trees has been materially aided by the Act passed in 1922 which enabled 
the Government to prescribe the removal of hawthorn bushes, which are a danger- 
ous source of infection, from the vicinity of the orchards in commercial fruit- 
growing districts. The planting of maize in certain places in Queensland has been 
prohibited because it was found to serve as a reservoir for Sclerospora sacchari 
on sugar-cane Similarly in Czechoslovakia the owner or tenant of land may 
be required to destroy wild hop bines as a protection against hop downy mildew 
{PseMdoperonospora humuli) (Part II, p. 879). 

In England an attempt has been made to limit the losses caused by the water- 
mark disease {Bacterium salicis) of the cricket-bat willow by an order compelling 
the felling of infected trees in the county of Essex, the chief endemic centre of the 
disease. 

Occasionally the elimination of all the diseased individuals of some particular 
host plant is prescribed even where there is no expectation of total eradication of 
the disease, so that the interests of the general body of growers may be safeguarded. 
This is the justification of the Silver Leaf Order in England which enforces the 
destruction of dead plum and apple trees and their wood infected by Stereum 
purpureum by a certain date, though this fungus has too many hosts for complete 
eradication to be practicable. In certain parts of Jamaica eradication has had to be 
abandoned, after the removal over a period of years of some hundreds of thousands 
of banana plants had given time for a large-scale programme of breeding resistant 
varieties to be undertaken, with promising results, against Panama disease. 

Prevention of Sale of Diseased Plants 

Many countries aim at preventing the sale of diseased nursery stock or other 
planting material. In England, for instance, it is a punishable offence to offer 
for sale any fruit trees with canker, silver leaf, or American gooseberry mildew, 
any brassicas with club-root, or seed potatoes with powdery scab ; in Scotland 
onion smut is substituted for the last-named. Some countries go farther and aim 
at the prevention of the sale of diseased plants by controlling the nurseries in which 
they are grown. Thus, in parts of Germany there is a regular official inspection 
of nurseries and other horticultural establishments in which Douglas firs are grown, 
in order to detect the presence of certain diseases, especially that caused by 
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Rhabdocline pseudotsugae ; if found, the destruction of the infected plants within 
fourteen days may be ordered. 


{b) Field Sanitation and the Reduction of Inoculum 

Compulsory Treatment of Plant Diseases 

Not only is the sale of diseased planting material dangerous but the presence of 
disease in commercial plantations carries a risk of infecting neighbouring holdings. 
To obviate this, powers are taken to inspect orchards and the like, and to prescribe 
appropriate treatment. In England such powers are granted by the Ministry on 
the application of the local authority, usually the County Council. Many of the 
counties have used the Fruit Tree Pests Orders to empower their officers to 
inspect orchards, and, if such diseases as scab, canker, the Sclerotinia brown rots, 
and the like are not reasonably controlled, to prescribe treatments by serving an 
order on the occupier. Similarly in Germany it is possible for the local inspector 
to prescribe such a treatment as the cutting out and burning of cherry wood affected 
by Sclerotinia laxa before a certain date. Other countries have similar regulations. 
Furthermore, steps are sometimes taken to prevent the carry-over of a disease of 
annual recurrence from one season to the next by enforcing a close season during 
which plants of the crop concerned are not allowed to be grown. In New South 
Wales the owner or occupier of land on which tobacco was growing on the 31st 
May in any year had, after the disastrous outbreak of blue mould {Peronospora 
tabacina) in 1934, to uproot and burn all tobacco plants not later than the following 
30th June. Similar local regulations have been enforced in Germany to prevent 
the over-wintering of asparagus rust, and in Southern Rhodesia against certain 
tobacco diseases. 

vSometimes powers are taken to enforce the growing of certain varieties of a 
crop that are resistant to a particular disease, as is done in England and other 
countries in areas infected by potato wart disease, or to prohibit the growing of 
particularly susceptible varieties, as of sugar-cane in Queensland in areas infected 
with downy mildew {Sclerospora sacchari) or gumming disease {Xanthomonas 
vasculorum). In this State of the Commonwealth the control of sugar-cane 
diseases is vested in the Director of the Sugar Experiment Stations. The State 
is divided into ten quarantine areas, removal of sugar-cane from one to another 
of which is prohibited. An area may be declared an infected area and a local 
Control Board, financed by a levy, is set up to undertake the responsibility of 
carrying out control measures by inspection and treatment or destruction of 
diseased canes. 

In Kenya the Governor can prohibit the movement within the colony of any 
plant or seed in a diseased condition or likely to spread disease, or the cultivation 
of any crop liable to impede the proper control of a disease. 

The measures so far considered are those undertaken by administrative 
authority in the national interest or the interest of the general body of growers. 
They are not applied in the interest of the individual grower. The individual is 
bound to regard disease control as it affects his own pocket ; measures that may 
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be imposed for the general good may be quite uneconomic when applied to a 
single holding. Costs and yield increases then become dominant considerations 
in the fight against the parasites, which is mainly carried on by field sanitation and 
the use of chemicals. 

General Field Sanitation 

The object of most sanitary measures is to reduce the sources of infection by 
micro-organisms. The best way of doing this is the removal of all infected in- 
dividuals before they have time to spread the disease. This is the purpose of the 
large-scale eradication campaigns mentioned above as undertaken by administrative 
action where there is a prospect of exterminating a disease or at least of checking 
its extension. 

In parasitic plant disease the sources of infection are most often the spores of 
fungi. In temperate climates their production is usually seasonal and restricted 
to the period from spring to autumn. The persistence of the parasite during the 
winter, when plant growth is dormant, is frequently secured by the production 
of resistant or resting spore forms in the late summer and autumn, or of resting 
or perennial mycelium which resumes activity and produces spores in the spring. 
A fuller discussion of this phase of the life-history of temperate parasites is given 
in Chapter II. Very often the winter spores are produced on the dead plants 
or parts of plants killed by the disease in the preceding summer and autumn. The 
removal and destruction by burning of these sources of infection is, therefore, 
a first principle in the sanitary supervision of orchard and plantation crops, and 
is sometimes applicable also to market garden and seed-bed crops, though usually 
not practicable in ordinary field cultivations. Pruning out and burning diseased 
woody parts is recommended for the control of such diseases as canker, scab, 
and mildew of apple, blossom-wilt and brown rot of fruit trees, leaf blight of 
quince, Fontes disease and die-back of plums, witches’ brooms, bacterial shoot 
wilt of plums, leaf-curl, and scab of peach, anthracnose of vine, etc. 

Dead leaves are sometimes an equally prolific source of inoculum. Where 
ascospores are important sources of apple and pear scab attacks in the spring it is 
frequently recommended to plough under the fallen leaves in the autumn or to 
treat the diseased leaves with a fungicidal spray either while still on the tree or 
after they have fallen. For treatment on the ground, not only are the common 
sprays such as Bordeaux mixture j^nd, Jtoie--SulRfiur effective buLclieilUPals such 
^s sulp hate of ammoni a and chl oride of potash have been found Jo ch eck m atu|;a- 

tion of the„^cp§pQXes. .In the United States an eradicant spray of sodium dinitro- 

cresylate has been recommended both for fallen apple leaves with scab and for 
cherry leaves with Coccomyces hiemalis leaf spot. 

Ploughing in of the leaves has also been advocated in vineyards as a means of 
preventing aerial or ram splash dissemination in the spring of the winter spores 
or the products of their germination from leaves containing oospores of Plasmopara 
vitkola or apothecia of Pseudopeziza tracheiphila. Early ploughing of the stubble 
of cereals infected by Opkiobolus graminis gives a better chance of destruction 
of the resting mycelium before the next susceptible crop is sown. Deep ploughing 
under (to more than 3 inches) of leaves and the like that carry the sclerotia of 
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various species of Sclerotinia or of the fruit ‘ mummies ’ from which apothecia 
also develop may cause the sclerotia to give only sterile stipes in the spring. It 
has been sometimes recommended against the species that attack fruit trees and 
against Sclerotinia sclerotiorum ; but it is difficult to bury all the sclerotia, and, 
besides, the species attacking orchard fruits in the British Isles rarely develop the 
ascigerous stage, so that this measure has a limited value against them. Against 
S. sclerotiorum on celery in Florida, flooding for six to eight weeks in the summer 
or applications of calcium cyanamide after harvest or before planting were found 
equally and highly effective in destroying the sclerotia, and gave better control 
than attempting to bury them. 

In tropical countries, where the dormant season may be in the hot dry weather 
rather than the winter, or where growth may be more or less active all the year 
round, much may still be done by the removal of dead or dying parts of infected 
woody plants, as these are often potent sources of inoculum. 

Other important means of reducing inoculum in parasitic diseases of crops 
are seed disinfection and crop rotation, but these can be more conveniently con- 
sidered later. 

{c) Protective Applications of Substances to prevent Infection by Parasites 

The application to the surface of the host plant of substances that prevent 
the germination of spores or kill the germ-tubes before they can enter the tissues 
is still one of the most widely used means of attack on plant parasites. The above- 
ground parts of plants are sprayed or dusted with chemical compounds or mixtures, 
wounds are protected by applications in paste or other convenient forms, seeds 
are disinfected by immersion in solutions of chemicals or by dusting or sprinkling 
with the compound or mixture. In some of these treatments, especially the last, 
the object is not so much the protection of the host plant as the reduction of 
inoculum by killing or preventing from germination the spores and other agents 
of infection present on the surface ; but they mostly have some protective action, 
and their inclusion here is convenient. Soil treatment may also be included, 
for though theoretically their object may be to reduce inoculum by destroying 
spores or other infective material throughout the soil in which the crop is to be 
grown, in practice it is frequently impossible to do more than surround the roots 
with a fungicide or bactericide which will preserve them from infection. The use 
of heat as a disinfecting or sterilising agent may also conveniently be considered 
here, though it is definitely curative and not protective. 

Spraying and dusting have a limited application in that they are both trouble- 
some and rather expensive. The increased yield must, therefore, be of substantial 
value to outweigh the trooble and cost. They find their chief use in orchard and 
plantation crops, vineyards, potatoes, and market garden vegetables and flowers. 
The ordinary run of arable crops — cereals, many roots, pulse, brassica and other | 
fodder crops, and so forth — are seldom sprayed or dusted against fungal or i 
bacterial di^ases. 

Omitting chemical applications against the first spring infections from over- 
wintered spores or mycelium, where protection is the object aimed at, there are 
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two main classes of parasites that can be usefully attacked by fungicidal dusts 
or sprays, but where it is difficult to separate the protective from the curative action. 
In the first place, ectophytic parasites, passing as they do the greater part of their 
lives on the surface of the host, may easily be reached by the superficial application 
of a poison before they can attain safety by burying themselves in the tissues. 
In the second place, those endophytic parasites which are disseminated by spores 
borne in crops or irregularly on infected organs and carried to healthy surfaces 
may be attacked before or during the sporiferous stage, while the exposed 
surfaces may be coated with a deposit which inhibits infection. Protective and 
curative functions of the treatment cannot readily be separated in either case. 

To the first class belong the conidial stages of the Erysiphaceae or powdery 
mildews, the spores of which are borne on superficial hyphae and only haustoria 
(which cannot reconstitute the mycelium) ordinarily enter the tissues. Suitable 
fungicides not only protect uninfected surfaces but destroy the sources of infection. 
In the second class are a large number of fungi which live within the plant and 
whose mycelium, therefore, is out of the reach of superficial poisons. They are, 
however, obliged to come to the surface to reproduce, and their spores are formed 
on hyphae exposed to the air. They are vulnerable at this stage, and at the same 
time a fungicidal layer may be deposited on healthy surfaces of susceptible plants 
within reach, so as to prevent the germination or kill the germ-tubes of those 
spores which may fall on these surfaces. Most other fungicidal applications 
are protective, their curative action, if any, being of minor importance. 

A good fungicide should be toxic to the parasite or inhibit the germination 
of its spores, without unduly injuring the host : in other words, it should be 
fungicidal and not phytocidal. It should be reasonably easy to prepare and not 
too expensive. It should be capable of even distribution from the spraying or 
dusting machines on to the surfaces to be covered, should tend to remain on the 
surface without running off too freely (initial retention), and should have good 
‘ sticking ’ properties (tenacity) so that it is not easily removed after drying. If a 
liquid, it should have good wetting properties so that it does not tend to run to- 
gether into large drops or to allow air pockets to form and keep it from contact 
with the surface to be covered ; retention on the leaf is largely correlated with 
wetting properties, whereas tenacity is equivalent to ability to resist weathering. 

Compounds and mixtures of sulphur and of copper with lime have remained 
for many years the standard fungicides fulfilling the above requirements, except 
for seed disinfection, where mercurials, formalin, and other substances have often 
proved more suitable. 

Sulphur 

Sulphur is one of the oldest of the fungicides, having been used in English 
glasshouses for the control of powdery mildew of the vine in 1846, because it was 
then well known as an effective remedy for peach mildew. Great quantities 
of sulphur are still employed for the same purpose in the vineyards of southern 
and central Europe and in North Africa, where three or four applications of a 
sulphur dust, totalling altogether from 60 to 75 lb. sulphur per acre, are most 
frequently given. 
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The sulphurs available for dusting are the following : 

(1) Ground sulphur prepared in grinding mills and composed of crystals of 
various sizes from about 4 to 250 /x, not aggregating into masses. Good 
samples may have 98 per cent, of pure sulphur. 

(2) Sublimed sulphur (* flowers of sulphur ’) prepared by condensation from 
the gaseous form. The unit particles are from 8 to 30 jit in diameter but 

firmly into chains or plates up to 400 fi in diameter. This type 
may be 99*5 per cent, pure sulphur, and its lightness tends to make up 
for its greater cost by weight than ground sulphur, since only about three- 
quarters as much are required to afford an equal cover. 

(3) Precipitated sulphur prepared by chemical precipitation and composed of 
unit crystals from 2 to 12/x in diameter, firmly aggregated into masses up 
to 200 fjL in size. 

(4) Natural impure sulphurs of the ‘ ventilato ’ or wind-blown type, chiefly 
got (in Europe) in Italy and containing about 30 per cent, sulphur in an 
argillaceous matrix or gangue which serves as a filler. A much purer 
natural volcanic sulphur having over 90 per cent, sulphur in an -extremely 
finely divided form is marketed from Java. 

(5) Impure sulphurs obtained in the purification of coal gas. In an American 
product known as ‘ flotation ’ sulphur, some brands of which contain about 
60 per cent,, others about 40 per cent, sulphur, the particles are from 2 to 
10 /X in diameter. In France the so-called ‘ black ^ sulphurs from gasworks, 
containing about 40 per cent, sulphur, are popular in some districts. 

(6) Various proprietary forms of sulphur characterised largely by the fineness 
of division of the sulphur particles. As an example, kolodust as used in 
North America may be mentioned. It is made by grinding a fused mixture 
of the almost colloidal sodium clay, bentonite, and sulphur and adding 
this to an ordinary wind-blown sulphur. The result is a fine dust of high 
fungicidal efficacy. 

The fungicidal efficiency of a sulphur dust depends on the fineness of its 
particles ; a high proportion should pass a 200- or 300-mesh sieve (particles not 
exceeding 74 and 47 /lx, respectively, in diameter), and still finer division is preferable. 

Sublimed or ground sulphurs are the forms chiefly used in vineyards, ventilato 
sulphur being preferred in some parts of Italy and Germany and the black gas 
sulphurs in places in France and North Africa, as these types are cheaper and said 
to be more adhesive and less liable to cause scorching than the refined forms. 
In very hot weather the latter are liable to cause scorching and an admixture of 
one-fifth to one-half of ground spent lime, gypsum, talc, or other filler is then 
advisable. In recent years there has been a great improvement in the fineness 
of commercially available dusting sulphurs which have replaced sublimed sulphur 
in most countries. 

In the intensive and successful campaigns against rubber Oidium in the 
Dutch East Indies and Ceylon the natural Javanese volcanic sulphur has been 
largely used. Its tendency to aggregate into larger particles can be prevented 
by adding unslaked lime in the proportion of i to 10. The dust is liberated from 
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Specially designed power machines which throw a dense cloud of sulphur into 
the air to settle on the trees. A good machine can deal with as much as 300 acres 
a day (in rough ground this may be reduced to 100 acres), at a cost which even in 
severely infested cases should not exceed six or seven shillings per acre per annum 
and may be as low as two or three shillings, exclusive of the cost of the machines ; 
the quantity of dust required during the season varies from 25 to 75 lb. per acre. 
This is, perhaps, the best example of the successful use of sulphur dusts. 

The principal liquid forms in which sulphur is used for spraying are the 
polysulphides (of which lime-sulphur is by far the commonest) and colloidal 
sulphur. 

Lime-sulphur sprays are ordinarily prepared from concentrated compounds, 
available commercially, the calcium polysulphide content of which should be 
stated. In diluting them for use, reliance is frequently placed on the specific 
gravity as shown by the reading on a Baume hydrometer, a common reading 
required for the concentrate being 32"" Be. The dilution is then often made by 
volume ; for instance, one part of the concentrate made up to 40 parts by the 
addition of water gives a 2J per cent, solution of the concentrate. A more accurate 
measure of fungicidal efficiency, however, is given if the percentage by weight of 
the calcium polysulphide is used. Thus, if 5 gallons of a concentrate containing 
20 per cent, by weight of calcium polysulphide is made up to 100 gallons with 
water, a i per cent, lime sulphur is given. Tables are available for calculating the 
required dilutions. 

Lime-sulphur finds its principal use on tree fruits, many standard orchard 
spraying practices being based on its application either throughout the spraying 
season or for only certain stages. It is the standard fungicide recommended 
by the East Mailing Research Station for the control of apple scab and is stated 
to be, at the same time, the most valuable material against apple mildew. Else- 
where Bordeaux mixture is often preferred against apple scab, either wholly 
or for a part of the spraying programme. The dominant consideration in both 
cases is the securing of efficient scab control without injury to the trees, and 
from this point of view neither is wholly satisfactory on all varieties under all 
conditions. Lime-sulphur, for instance, not only directly injures certain varieties 
(‘ sulphur sensitive *) but has an indirect effect in reducing photosynthetic activity 
in the sprayed green parts even in the absence of scorching. 

Various proprietary forms of ‘ dry wettable ' sulphur, some from by-products 
of gas purification plants (including flotation sulphur, wettable powder, and paste), 
are used in place of lime-sulphur in some fruit-growing regions, especially in the 
United States. Their sulphur content varies, but some forms may have about 
90 per cent. They usually cause less injury than lime-sulphur though still liable 
to damage sulphur-sensitive varieties, and are stated to be useful under English 
conditions as adjuncts to the mam apple-spraying programme where frequent 
summer applications are practicable. The same applies to the colloidal sulphurs, 
which are outstanding in the fineness of division of the sulphur particles (mostly 
below 1 /x)* They are extensively used in New Zealand either alone or added to 
lime-sulphur of which they are said to increase the efficiency against apple scab 
and mildew, and rust and brown rot of stone fruits ; they have been recommended 
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in England for supplementary applications against apple scab. Such preparations 
generally find their chief scope when a balance has to be struck between fungicidal 
efficiency and phytocidal injury to the host plant, or where (as in glasshouses) 
an odourless and harmless material is advantageous. The cucurbits, however, 
are highly sulphur sensitive, so that cucumbers and the like are readily injured. 

Copper 

Though copper sulphate had been tried as a fungicide much earlier, it was 
not until Millardet accidentally observed its efficiency against the vine downy 
mildew, Plasmopara viticola, in 1882 that its possibilities were recognised. Mil- 
lardet noticed that grape vines along the roadside in the St.-Julien district of 
Medoc retained their leaves at the end of October when all the others had been 
defoliated by mildew. His companion M. David, steward of Mr. Nathaniel 
Johnston’s estate in the neighbourhood, explained that it was the custom to 
sprinkle the vines near the road with copper sulphate and lime to discourage 
pilfering. The following year Millardet and David obtained confirmation that 
this practice checked the disease. Further tests under the supervision of Millardet 
and Gayon, who were professors at the University of Bordeaux, were carried 
out near Margeaux ; in October 1885 they published illustrations of treated and 
untreated vines with analytical data, and by 1887 great success was reported in 
the control of the disease (Part II, p. 833). 

The mixture of copper sulphate and lime rapidly became famous under the 
name ‘ Bouillie Bordelaise ’ (' Bordeaux mixture ’) in the vineyards ravaged by vine 
mildew. Already in 1885 its use against the allied potato blight was suggested 
and it was stated to have checked an attack of blight on tomatoes. In 1888 its 
efficacy against potato blight was established by experiment and other applications 
followed fast. At first it was applied in vineyards as a paste brushed over the 
vines with fibre brooms, but by 1885 a sprayer for application in liquid form was 
described by A. Perrey in Burgundy. Though the properties of the ingredients 
and the manner of preparation have changed many times, Bordeaux mixture 
remains the most widely used and the most generally serviceable fungicide to the 
present day. 

The advantages of Bordeaux mixture are : (i) its adhesiveness or tenacity ; 
(2) its effectiveness as a fungicide ; in a recent laboratory study of copper fungicides 
in the United States the authors conclude that after fifty years of experimentation 
with copper compounds none has been found to equal Bordeaux mixture in 
fungicidal value ; (3) its relative cheapness ; (4) its safety to handle ; (5) its 
harmlessness, with certain exceptions, to the sprayed plants ; (6) its beneficial 
effects on some plants in preserving the foliage, apart from its fungicidal actions. 
This last effect, which is shared by some other copper sprays, especially Burgundy 
mixture, has been often observed in sprayed potatoes and seems to be due either 
to a stimulating effect of minute traces of absorbed copper upon the chlorophyll 
apparatus of the green parts or a slowing of the metabolic processes in the leaf. 
As against these must be set : (i) its injurious action on some fruit trees — varieties 
of apples, peaches, plums, etc. ; (2) its tendency to delay ripening ; (3) the need 
for taking some trouble in its preparation ; (4) the injury it causes to spraying 
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machines of iron or zinc ; (5) the colour it imparts to the sprayed plants, making 
it unsuitable for use on ornamentals ; and (6) a temporary retardation of photo- 
synthesis in sprayed leaves 

Bordeaux mixture is ordinarily prepared from the mixture of solutions of 
copper sulphate and either quicklime or hydrated lime. The latter is available 
commercially in a more finely divided form of greater purity as a rule than quick- 
lime and has advantages in ease of preparatioii of the mixture. Air-slaked quicklime 
is not suitable. In making the mixture, the copper sulphate is dissolved in a part 
of the water in a vessel not liable to injury by copper such as a wooden tub. The 
lime may be similarly dissolved in the rest of the water, slaking it gradually if 
quicklime is used or making it first into a thin paste if in the hydrated form, and 
the two solutions may be poured simultaneously into a third receptacle. Alter- 
natively, a concentrated stock solution of copper sulphate may be added to the 
diluted lime solution, a single tank being sufficient in this case. In the ‘ instant ’ 
process the copper sulphate is dissolved in one-quarter of the required volume 
of water and, while stirring, water is added to the three-quarter mark to secure 
full solution ; then the lime is added in a thin paste and the tank made up with 
the balance of the water. An agitator should always be fitted in the tank to keep 
the mixture stirred during making and when supplying to the spraying apparatus. 
Modifications of these methods of preparation are used in different places, the 
chief object to avoid being the mixing of a concentrated copper sulphate with a 
concentrated lime solution. 

Bordeaux mixture is used in various degrees of concentration, the tendency 
having been steadily towards reduction of the high concentration of copper sulphate 
at first recommended. It is customary in the English-speaking countries to express 
the concentration in a formula with the copper sulphate first, then the lime, both 
in lb., and lastly the water in gallons. The 6-4-40 mixture thus means one com- 
posed of 6 lb. copper sulphate, 4 lb. lime, and 40 gallons water, or assuming the 
imperial gallon of water to weigh ten pounds, the mixture contains lb. copper 
sulphate and i lb. lime in each 100 lb., or per cent, copper sulphate by weight. 
In countries following the metric system kilogrammes and litres replace lb. and 
gallons. As a litre of water weighs a kilogramme, a Bordeaux mixture made with 
I kg. copper sulphate to each 100 litre water contains i per cent, copper sulphate. 
Continental usage, therefore, often gives only the percentage strength of the 
mixture. As the standard American gallon is smaller than the British imperial 
gallon and contains only approximately 8*3 lb. water, the concentrations indicated 
are not the same in the two countries. 

The earlier use of excessive proportions of copper to lime did not persist, 
and for a considerable period the tendency was to use equal amounts, the 4-4-40, 
5-5-50 (or I per cent.) mixtures long remaining standard general-purpose sprays. 
The movement still further to reduce the proportion of copper sulphate to lime, 
however, has continued, especially for use on apple and other fruit trees ; three 
or four times as much lime as copper sulphate is recommended in Nova Scotia 
and New York against apple scab, and one and a half times against various fruit 
diseases at East Mailing. These trends have been mainly dictated by the desire 
to find mixtures which will not injure the trees. 
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With this grov^'ing consciousness of the phytocidal action of Bordeaux mixture, 
great efforts have been made to find a safe copper-containing substitute. Labora- 
tory methods of testing fungicidal efficiency have been perfected and some of the 
most important properties, as determined, for instance, at Long Ashton, have 
been found to correspond satisfactorily with those deduced from field trials. 
Proprietary copper preparations have been developed extensively, especially in 
the United States and Germany. Even though these are not usually equal as 
fungicides in field practice to Bordeaux mixture, they often give adequate com- 
mercial control, especially when used as supplements in the later applications ; 
the best practice in the vineyards of southern Europe and North Africa now 
includes dusting with preparations of this kind when the bunches begin to form. 
Furthermore, as with the sulphurs used in place of lime-sulphur, various pro- 
prietary copper preparations find a place when phytocidal injury becomes pro- 
nounced. A copper-lime dust in the proportions 20 to 80 has been widely used in 
North America against potato, tomato, and other diseases but has rather gone out 
of favour in recent years. Proprietary materials for making liquid copper-con- 
taining sprays have become much more extensively used than formerly, but where 
phjrtocidal action is not important none has shown evidence of replacing Bordeaux 
mixture. Cuprous oxide in dust or spray form has been much recommended 
and has given excellent results against various diseases in America and the British 
Empire, but on the whole Bordeaux mixture seems to be generally preferred for 
large-scale work ; various proprietary brands of cuprous oxide of the highest 
standard, such as perenox, sulfocide, etc., are available. Colloidal copper also 
has its advocates and has sometimes given satisfactory results, especially when 
staining the foliage has to be avoided. The colloid-like copper preparation 
* bouisol ’ is recommended against Phytophthora infestans on glass-house tomatoes 
by the Cheshunt Research Stations and has won a place for itself in the control 
of various other diseases of the green parts of plants. 

Amongst other copper spray fluids the best known is Burgundy mixture, 
introduced in 1887 in Burgundy in place of Bordeaux mixture. It is made up like 
the latter, except that lime is replaced by sodium carbonate crystals which, at 
that time, were often more easily obtained than good quicklime. A standard 
formula much used on potatoes in Ireland is io-i2j-50 (2 per cent.), but equal 
parts of copper sulphate and crystallised sodium carbonate are said to be quite 
satisfactory. Now that good-quality hydrated or quick lime for spraying is usually 
easy to get. Burgundy mixture has lost much of its attractions of availability, 
freedom from grit, ease of storage and preparation ; and as it is slightly less effective 
than Bordeaux, more expensive, and more likely to cause injury on susceptible 
plants, its use outside Ireland is limited. 

Another copper substitute for Bordeaux mixture is the eau cileste or cupram-, 
monium spray first applied in French vineyards against Plasmopara viticola in 
1886. In preparing this, copper carbonate is dissolved in strong ammonia in the 
proportions of 5 oz. to 3 pints and made up to 50 gallons with water. The pre- 
paration is liable to scorch the foliage, is inferior as a fungicide to Bordeaux mixture, 
and is more expensive than the latter. but can be used on ornamental plants or 
ripening fruits, as it causes little staining of the foliage or fruit. The latter 
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advantage, however, can be better secured with copper acetate sprays. Copper 
acetate {verdet) has been used for fifty years against vine mildew in some parts 
of Europe, the basic salt being termed verdet gris (verdigris) in France. Both 
the basic and neutral salt are used. They stain rather less than cuprammoniuni, 
cause little injury to grape bunches or foliage in dry weather, and the basic salt 
adheres well. The i per cent, solution is considered in Europe to be equal to 
2 per cent. Bordeaux mixture as a fungicide against vine mildew, while for a late 
spray on the grape bunches 0 5 per cent, has been recommended in the United 
States and 0*25 per cent, for ornamental or delicate plants. 

Fungicides containing sulphur or copper are frequently combined with 
insecticides. Lime-sulphur by itself has valuable properties in destroying red 
spider on orchard fruits, and allied mites as well as scale insects on other plants ; 
the addition to it of lead arsenate or lime arsenate materially increases both the 
fungicidal and insecticidal action of the spray. Bordeaux mixture has little effect 
on insects. It (but not Burgundy mixture) can be used safely with lead arsenate 
on plants not liable to injury from summer applications of Bordeaux. Acid lead 
arsenate and lime arsenate, however, are liable to cause leaf scorching and fruit 
russeting when water-soluble arsenic forms in the deposit. Nicotine may be 
safely combined with either lime-sulphur or Bordeaux or Burgundy mixtures 
for use as a contact insecticide. Petroleum oils are used with Bordeaux mixture 
to form combined sprays in England and a Bordeaux-oil emulsion is valuable 
especially in cases when infestation by scale insects is normally kept down by 
entomogenous fungi as in many citrus groves ; the Bordeaux kills the fungi 
without harming the iiftects and, unless oil is added or a supplementary applica- 
tion with oil is made, insect injury may become serious. Cuprous oxide is free 
from this disadvantage. 

The Search for Sulphur and Copper Substitutes 

Leaving the firm ground provided by the sulphur and copper preparations, one 
enters a vast field in which testing and research into the fungicidal properties of 
other inorganic and organic materials for use as sprays or dusts on the green parts 
of plants have been carried out and are still proceeding. Excluding seed and soil 
disinfectants, little has been found that has more than a limited application against 
specific diseases. Amongst metals, compounds of zinc and nickel have been especi- 
ally tested, but only the former find a real use in the eradication of the branch and 
twig cankers in which certain fruit-tree pathogens such as Bacterium amylovorum 
and Xanthomonas prufd over- winter ; when zinc sulphate is used as a spray to counter- 
act zinc deficiency diseases such as citrus mottle leaf and ‘ little leaf ' of stone fruit, 
it has been found to act also as an effective fungicide against citrus brown rot 
caused by various species of Phytophthora and the peach and plum rust, Puccinia 
pruni-spinosacy a 10-5-50 zinc sulphate lime mixture proving equal to Bordeaux 
nndxture against peach rust in South Africa. 

A long series of investigations on the possibility of controlling plant diseases 
by means of metallic salts absorbed in small amounts through the roots has not 
yielded results of practical significance. Perhaps the -most interesting have been 
those already mentioned in an earlier chapter (p. 178) which demonstrate that 
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lithium salts applied to the soil at low concentrations have a more or less marked 
effect in reducing the susceptibility of celery to Septoriay wheat to powdery mildew, 
and tomato to crown gall. To secure a similar effect on wheat brown rust, however, 
it was necessary to use a concentration which caused injury. The application of 
silicic acid to the soil enhances the resistance of rice leaves to blast {Piricularia 
oryzae) by increasing silicification. 

Only a few of the many proprietary and other organic spraying and dusting 
materials that have been recommended against particular diseases can be men- 
tioned. Very favourable results have been obtained with folosan dust (penta- 
chloronitrobenzene) against Botrytis cinerea on lettuce, used on or in the top soil 
of the frames and on the seedlings ; the dusting also reduced lettuce mildew 
(Bremia lactucae) and damping-off caused by Corticium solani. Turf diseases (Part 
II, p. 479) caused by Corticium fuciforme and Calonectria graminicola on golf and 
bowling greens in Great Britain have been satisfactorily controlled by malachite 
green applied at a strength of i in 10,000 in dilute Bordeaux mixture once a week ; 
for those due to Corticium solani and Sclerotinia homoeocarpOy recent experiments 
in the United States show that tetramethyl thiuramdisulphide gives complete 
control in weekly applications of 4 oz. per 1,000 sq. ft., the dust being mixed with 
sand for strewing. A form of sodium dinitrocresylate has been widely recommended 
in the United States under the name of elgetol as an eradicant or dormant fungicide 
against various fruit pathogens. The salicylanilide preparation known as shirlan, 
first used in England against moulds on cotton fabrics, has found a wide use as 
a fungicide against the powdery mildews, tomato leaf mould (Cladosporium fulvum)y 
and the like. Shirlan A.G., the brand chiefly used, contains 25 per cent, sali- 
cylanilide with agral as a wetting agent. Many alkaloids, aromatic compounds, 
nitrogenous bases, and so forth have been tested against fungi such as Phymato- 
trichum omnivorumy the cause of Texas root rot of cotton. It would appear that 
8-hydroxyquinoline is the most effective fungicide yet discovered against this 
parasite. 

Commercial interests can usually be relied on to keep the claims of fungicides 
of this nature from being overlooked. Many of them are the result of prolonged 
experimentation and may find a place in nursery or market-garden practice. It is, 
however, a wise rule to consult the advisory services as to their value and to test 
them at first on a small scale before their extended use is attempted. Recently 
a scheme has been agreed on between the agricultural departments in Great 
Britain and the representatives of the insecticide and fungicide manufacturers 
under which official approval can be given to tested proprietary preparations. 

Spraying Apparatus 

Great strides have been made in the improvement of spraying machines and 
accessories in recent years. They are most marked in the appliances designed 
for use in tree fruit orchards and on permanent plantation crops. In the larger 
fruit-growing districts, especially where the produce is exported, orchard practice 
has reached or is rapidly reaching the point where spraying for the control of 
diseases and pests is accepted as part of the normal orchard routine. The small 
grower is still obliged to rely on hand machines — knapsack and stirrup pumps. 
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compressed-air machines, battery 
outfits, and the like. Many excellent 
makes are available, the suitability of 
which for local conditions has been 
well demonstrated. Information re- 
garding them is readily obtained by 
the grower and need not be detailed 
here, the more so as they are subject 
to constant modification and im- 
provement. For medium and large- 
scale work, however, the tendency in 
favour of high-pressure spraying has 
been steadily growing, and for this 
purpose the use of power machinery 
i s essential . Power spraying has been 
especially developed in the United 
States, Russia, and (for special uses) 
in other countries, including Great Britain and the British Dominions (Figs. 

157-62)- 

Power spraying may be carried out either with independent power units 
which use motor power both for the transport of the spraying outfit through the 
plantation or crop and for delivering the spray fluids through the nozzles, 
sometimes at pressures of three or four hundred pounds ; units capable of 
spraying through multiple nozzles up 
to 14 rows of potatoes at a time are 
in use in the eastern counties. The 
next step is the replacement of these 
mobile units by centrally operated 
plants supplying a permanent series 
of pipe-lines throughout the planta- 
tion. Such stationary spray equip- 
ment has been found greatly to reduce 
the cost of spraying, especially once 
the capital charges have been written 
off. Not only is the cost reduced, 
sometimes by as much as one - half, 
but working is facilitated and it is 
possible to carry out effective spray- 
ing where this had previously been 
very difficult 

A good example of modem practice 
is given by the very considerable cam- 
paign, now being carried out against 
leaf spot of the banana (Cercospora 
musae) in the Caribbean area. It was 
recognised soon after the first appear- 




Fig. 157. — Potato spraying, for large areas. Note that 
the vertical rods between the drills carry the lower 
nozzles sufficiently low to spray the underside of 
the foliage, the upper nozzles spraying the tops of 
the plants (by courtesy of Bayer Products Ltd ) 
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ance of the disease in this region in 
1934 that the future success of the 
industry depended upon its con- 
trol, and a very large expenditure 
for the purpose has been agreed 
upon by the Government of Jamaica 
and the principal fruit companies 
on the mainland and throughout 
the affected islands. Tests deter- 
mined that, on the whole, spraying 
with Bordeaux mixture was more 
effective and cheaper than dusting 
or spraying with preparations of 
cuprous oxide and the like, and that 
control was satisfactory if the plants 
were treated every two or thret 
weeks. Stationary spraying appar- 
atus was at once installed on a huge scale, including powerhouses, spray-mixing tanks, 
pumps, and a permanent pipe-line system throughout the plantations, leading to 
stopcock points to which the actual spraying hoses could be attached. A suitable 
area for a central unit was found to be 700 or 800 acres, and the scale of the work 
may be judged from the fact that some 60 square miles on the Ullua River, Hon- 
duras, and over 100,000 acres in Central America were under permanent stationary 
spray plant control in 1941. The pipes are laid upon the ground (in orchard 
practice they are often buried underground or elevated above ground-level) and 
the plants (which grow unusually luxuriantly in Honduras) require spraying to a 
height of 30 to 40 feet, which is just below the tops of the highest leaves. 



Fig. 159, — The ‘ Armada ’ dust gun, Model 2, with 
flexible tube, lances, and spreaders, for distri- 
buting a continuous cloud of powder. It is carried 
from the shoulder by means of straps, and the fan 
is worked by a crank handle (by courtesy of Drake 
& Fletcher Ltd., Maidstone) 



Fio, i 6 o, — ^Power orchard duster. A powerRil high-pressure engine-driven powder distributor 
for use in hops, fruit, citrus, etc. (by courtesy of Drake Sc Fletcher Ltd., Maidstone) 
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Fumigation 

Fumigation, which has proved a valuable method of applying some insecticides, 
has been little used against fungi except in glasshouses ; sulphur and formalin 
are sometimes vaporised in warm houses for the control of various leaf mildews 
and moulds, but treatment by spraying or dusting has largely replaced this practice. 
A gas treatment, however, has been found the most effective method of controlling 
the blue mould of tobacco due to Peronospora tabacina in Australia and North 
America. Benzol and paradichlorbenzene are chiefly used, the application being 
made as soon as the first sign of infection is observed in any of the seed beds, and 
repeated every three or four days until five or ten have been given. The seed 
beds should be covered with cloth or the like and the benzol used at night at a 
rate of i sq. inch evaporating surface to i sq. foot of bed, or paradichlorbenzene 
crystals strewn on the cloth at 2 to 3 lb. per 100 sq. yards. The seed beds are 
opened up in the morning to allow free ventilation. 

Soil Sterilisation 

A good fungicide for use in the soil is much needed. It should have many of 
the physical properties of a good fumigant, for it must be able to diffuse into the 
soil interstices at lethal concentration. It must not be expensive, as considerable 
quantities have to be used for admixture with even the upper few inches of the 
soil both to secure reasonably even distribution and to escape the fixing or destructive 
action of many soils on chemical compounds added to them. It must be reason- 
ably quick in action, because a prolonged sterilisation of the soil might easily do 
more harm than good by interfering with the normal microbiological activity on 



Fig. i6i. — ^Power spraying plant, for working under glass in nurseries. Capacity of 260 gallons 
per hour ; pressure, 300 lb. per square inch (by courtesy of Drake & Fletcher Ltd., Maid- 
stone) 
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which soil fertility bO largely depends. Loss from the surface of the soil is likely 
to be so high as seriously to reduce the possibility of maintaining a lethal concentra- 
tion in the upper layers, where it is most needed, except when the soil can be 
covered. These considerations, and especially the last, tend to limit the use of 
soil disinfectants to glasshouses, seed beds, and the like, and up to the present time 
no general purpose soil fungicide has been found that is as affective as heat. 

Soil disinfection by the application of steam heat is a common practice in 
glasshouse cultivation and is often used also in nurseries for seed beds and potting 
soils. The steam is applied either in bins before the soil is placed in the beds or by 
inverted pans or perforated pipes delivering live steam to the soil in situ. Dry 
heat is also sometimes used but is definitely inferior to steaming as it spoils the 
physical texture of the soil and carries a greater risk of injury from overheating. 
For damping-off in seed beds and the like it is usually ample to provide for sterilisa- 
tion to a depth of 9 inches, but for some of the wilt-inducing species of Fusarium 
and other soil pathogens a depth of at least double this should be reached. A 
temperature of 180'^ F. is adequate against most resistant fungal sclerotia and the 
like, but in order to secure this at a distance from the steam orifices it is desirable 
to raise the temperature at the surface of the soil to about 200° to 210"^ F. and 
keep it at that point for 15 to 20 minutes. 

Chemical soil disinfection often results to some extent from the use of seed 
disinfectant dusts and the like, as these not only destroy fungal contaminants 
on the sown seed but form a fungicidal zone around the seed coats and the first- 
formed organs of germination. Where heat cannot be used, chemical soil dis- 
infection of seed bed and potting soils is often practised. Formaldehyde is the 
most efficient of the chemicals used for this purpose, as it is a powerful fungicide 
and penetrates the soil readily both as a liquid in the soil solution and as a gas in the 
air spaces. It leaves no deleterious residue in the soil, but has no residual pro- 
tective effect and at the strengths used is injurious to growing plants, so should not 
be applied once germination has occurred. Dry soils may require i gallon of i 
in 100 solution per sq. foot, and wet, half a gallon of i in 50 solution, the beds 
being kept covered for two or three days after treatment. It is a safe rule not to 
set seed in the treated soil for 14 days after treatment. A special application of 
formalin is used against onion smut to prevent infection from spores in the soil ; 
a solution of one part of commercial formalin in 128 parts of water is dripped from 
a tank attached to the seed drill so as to moisten the seed and surrounding soil. 
The amount of solution used varies with the wetness of the soil from 27 to 130 
gallons per acre (5,000 feet of drill), -the seed rate being increased to allow for a 
certain amount of seed injury. Good control of damping-off of tomato seedlings 
due to various phycomycetes and to Corticium solani has been experimentally 
secured by the incorporation in infested soil of 15 parts of formalin with 85 parts 
of an inert absorbant such as sawdust or kaolin at the rate of 4 or 5 parts per 1,000 
of soil to a depth of a few inches. Sulphuric acid is a favourite remedy for damping- 
off in forest-tree nurseries. At a strength of 2 oz. of the concentrated acid per 
gallon of water it has proved superior to all the other chemicals tested for control 
of Cortidutn solani and Botrytis cinerea on seedlings of Sitka spruce and Douglas 
fir in Northern Ireland. Corrosive sublimate is probably the best soil disinfectant 
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against club-root, about one-quarter to one-half a pint of a i in 2,000 solution 
being poured into the dibble holes when transplanting into infested soil. Cheshunt 
Compound, devised at the Cheshunt glasshouse experimental station, has had a 
wide use in the control of damping-off, and appears to be the best copper-con- 
taining compound for the purpose. It is prepared by mixing two parts of powdered 
copper sulphate with ii parts of powdered ammonium carbonate and dissolving 
an ounce of the mixture in two gallons of water, wetting the soil thoroughly with 
the solution. It is efficient not only against damping-off fungi but also against 
those causing vascular wilts and various root rots, and does not injure growing 
plants. Where chloropicrin vapour is used as an insecticide or anthelminthic 
it has sometimes been found also to possess fungicidal properties. Thus, it has 
given effective control of damping-off of tomato seedlings and of the tomato 
wilt due to Fiisarium hulhigenum var. lycopersici in Texas in heavily infested soil, 
and of black root rot of tobacco {Thielaviopsis basicola) at Rostov in the U.S.S.R. 

Seed Disinfection 

The disinfection of seeds for the control of seed-borne diseases is the most 
successful of the many applications of chemotherapy in plant pathology. Not 
only is there a wide range of chemicals available for the purpose, to which frequent 
additions are made, but the degree of control achieved is often astonishingly high. 

Great Britain does not make use of seed disinfectants as freely as some other 
countries, though official seed-testing stations have been established which under- 
take the routine examination of cereal and other seed samples for impurities, as well 
as recording the incidence of seed-borne diseases in general. In Germany, for in- 
stance, there is an elaborate system of State testing of fungicides for use on seeds 
and the like : new remedies may be submitted for testing (with a confidential 
disclosure of their active ingredients) to a central organisation which, if a pritna 
facie case is made out, arranges for extensive regional tests ; lists are then published 
by the German Phytopathological Service of the purpose for which the disinfectant 
may be recommended, but not of its composition. A similar system is in force 
in several other countries, including Denmark and New Zealand, in some of which 
testing is not restricted to seed disinfectants but covers spray fluids, dusts, and 
the like. In the United States, Federal and State experiment stations recommend 
approved materials, and official analyses of these are published from time to 
time ; as with all therapeutants, the nature and percentage of the active ingredients 
have to be stated on the label. 

A very high proportion of the routine seed-dressing with fungicides is carried 
out on cereal seed grain. In Holland and parts of the United States farmers 
can have their seed grain disinfected by contract, and arrangements have been 
made by which the dusting apparatus is mounted on a motor car or motor cycle 
trailer and taken round from farm to farm, the seed being treated at a fixed rate 
per sack. In England the best seedsmen are prepared to supply ready-dressed 
grain, and it was estimated that in 1938 some a6o centres were in existence for 
the supply of grain treated by organo-mercury compounds. In Germany special 
adjustments for dressing the seed are attached to many of the co-operative seed- 
cleaning plants, or worked by co-operative groups (‘ rings ’) of small-holders. 
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In 1937 it was reported that large-scale 
co-operative seed-disinfecting plants num- 
bered 348 in Hanover, 233 in Westphalia 
and 185 in Schleswig-Holstein, and that 
Germany was using at least 800 tons of 
mercurial dusts and 180 tons of liquid 
mercurial preparations for seed treatment 
annually. In one co-operative district 
of Saxony^ virtually complete control of 
wheat bunt, oat smut, barley stripe, and 
‘ Fusarium disease ’ or * snow mould ' of 
rye {Calonectria graminicola) had been 
secured by the 1,000 members of the co- 
operative union by 1932, when 84 per 
cent, were disinfecting their cereal seed. 

Co-operative seed-dusting centres have 
been developed also in America. Almost 
the only attempt on a comparable scale to 
combat a seed-borne cereal disease in 
Great Britain is that which has been ap- 
plied with a considerable measure of suc- 
cess in Scotland against the leaf spot and 
seedling blight of oats due to Helmintho- 
sporium avenue (Fig. 163). As much as 
30 per cent, of the seedlings were found 
to be infected in a large series of examina- 
tions in south-west Scotland ; seed treat- 
ment with an organic mercury dust gave effective control, besides admitting of 
considerable economy in seed rate. In a recent estimate of the effect of this 
treatment it is considered that it saved from 40,000 to 63,000 tons of grain in a 
crop of 633,000 tons in 1938. Satisfactory results from similar treatment have 
been reported from Northern Ireland and Eire. Taken as a whole, however, the 
disinfection of cereal seed grain has had its maximum benefit in controlling the 
bunts of wheat and smuts of oats. These diseases are now seldom of major 
( importance in the more advanced countries, whereas the damage they can do 
in more backward areas, such as the North-West Frontier of India, has to be seen 
to be believed. Another cereal smut that can be practically eliminated by seed 
disinfection is the common smut of sorghum, Sphacelotheca sorghi^ which was 
estimated to be responsible for a loss of about 1,000, 000 annually in Bombay 
before treatment was undertaken. 

Although cereal seed grain is the chief subject of seed disinfection, various 
large-scale applications of the process to other seeds have been used. Thus, it is 
customary to treat the seed required for sowing the cotton fields of the Gezira, 
Sudan, where about 200,000 acres are annually grown, against seed-borne in- 
fection by Xanthomonas tnalvacearum. The proprietary compound ‘ abavit B ’ 
(mercuiac iodide) was used for a time for this purpose, but more recently the best 


Fig, 162 — Strickland’s ‘ Ceresan ’ dry seed 
dresser The patent powder feed sprays 
the seed as it passes over a platform, 
distributing the powder over it before 
It falls into the mixing drum, the flow 
being variable to give the correct dose 
to any given output of corn (Grain 
Cleaners Ltd. By courtesy of Bayer 
Products Ltd ) 
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Fig. 163. — Control of Helminthosporium disease of oats, with mercurial dry seed dressing : top, 
treated ; bottom, untreated grain (photo by courtesy of West Scot. Agric. Coll., Plant Hus- 
bandr>- Dept., Auchincruive) 


results have been given by two hours’ immersion of the undelinted seed in 
i-in-500 solution of mercuric chloride-iodide followed by drying in the sun. In this 
case, internal infection of the seed has been established in a certain percentage 
of seeds, so that surface disinfection is not fully efficacious ^*5 ). A still more massive 
cotton-seed disinfection campaign is carried out in North Carolina, where it was 
estimated that seed for 600,000 acres was dressed, mainly with ceresan dust, in 
1939. A high proportion of the sugar-beet seed used on the Continent is dressed 
against damping-off and other seedling diseases, and much of that imported from 
abroad for use in Great Britain in normal times was similarly dressed before 
importation. Another crop which suffers severely in some areas from seed-borne 
parasites is flax. The flax diseases due to Colletotrichum linicola and Polyspora Uni 
have been satisfactorily controlled in Northern Ireland by tetramethyl thiuram- 
disulphide dust, and over 2,000 tons of flax seed were treated with a preparation 
of this, known as ‘ nomersan ’, in 1941, the rate of application being about 5 oz, per 
bushel of 56 lb. Peas, beans, celery, cabbage, and other vegetable seeds have been 
found amply to repay disinfection under certain conditions, and further references 
o seed treatment will be found under these crops in later pages. 

Another great group of diseases which can be controlled by similar methods 
are those which are commonly carried on seed potato tubers and other plant 
parts used in vegetative propagation. Steeping in formalin at the rate of i pint 
in 40 galls, water (i in 320) or i pint in 60 galls, (i in 480) or in mercuric chloride 
( I -in- 1, 000 or I -in-2,000 solution) is useful against the common and powdery 
scabs and skin spot of potatoes and certain diseases carried on flower bulbs. 
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Mercuric chloride is more effective than formalin, but it is liable to injure seed 
potato eyes and sprouts, and is, of course, very poisonous ; in New Zealand and 
Australia it is claimed that acidification with i per cent, hydrochloric acid shortens 
the period of immersion and increases the efficiency of mercuric chloride. In 
recent tests in the United States acidification by 0*55 per cent, hydrochloric acid 
or 1-66 per cent, acetic acid, by volume, notably simplified and improved the 
mercuric chloride tuber treatment. Treatment of these diseases with organo- 
mercury steeps or dusts appears likely to supplant the older methods, as good 
results have been obtained in Northern Ireland, Holland, and elsewhere with 
aretan, ceresan, uspulun, and the like, if applied soon after lifting. 

It is probable that seed disinfection marks the earliest attempt at chemo- 
therapeutical control of plant diseases, for the use of copper sulphate for the purpose 
dates from about the middle of the eighteenth century. Copper sulphate remained 
for many years the standard method of ' pickling ' cereal seed grain against smuts 
and the like. Later, formalin came into general use as being at least equally 
effective and much less liable to depress the germination energy of the seed. 
Copper carbonate dust was strongly supported in Australia and the west of the 
United States, but has never found favour in Great Britain, as it appears to do 
best in drier seed beds than are common in this country. Cuprous oxide has been 
recommended especially for dressing vegetable seeds, and has given very good 
results against pre-emergence damping-off of peas in tests at Long Ashton and in 
practice in the LInited States. All these and many other chemicals are still used 
in various parts of the world, but in the more advanced countries the tendency is 
to replace them by organo-mercury dusts, of which a large range is now available 
for use on vegetable seeds as well as on cereal seed grain. These dusts are easy 
to apply, generally harmless at the prescribed dose to the seed, which can be stored 
without injury for a long time after treatment if kept dry and not overdosed ; they 
are deterrent to rats and sometimes to insects ; and they often have a beneficial 
effect on the seedlings, which appears to be due to their protective action against 
soil-borne parasites. Most of the dusts in use are proprietary preparations marketed 
by the large chemical combines. The names given them differ sometimes in 
different countries and it is, therefore, not always possible to define the nature of 
the active compound. Mercury chloro- and nitro-phenyl, mercury ethyl acetate, 
tartrate, chloride and phosphate, mercury tolyl acetate, mercury cresol sodium 
cyanide, are amongst those widely used in various countries. Of the 13 prepara- 
tions officially recommended for cereal seed grain disinfection in Germany in 
1937, 12 were mercurial dusts and steeps, and only formaldehyde, to be used against 
Ustilago avenae^ contained none. In recommending dry mercurial dusts for this 
purpose in England, the Ministry of Agriculture put the cost in 1941 at lod. to 
IS. 3d. per acre. 

Certain seed-borne diseases cannot effectively be eliminated by surface treat- 
ment with fungicides, because the pathogen is within the tissues of the seed coats 
or still farther in. The standard examples of these are the loose smuts of wheat 
and barley, against which the methods of disinfection discussed above are worth- 
less. For these and certain internally borne, diseases of plants propagated from 
setts, tubers, corms, bulbs, and the like, the only satisfactory method of sterilisation 
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is by heat. Heat is usually applied as hot water, the methods adopted against 
the loose smuts being described in the account of these diseases in subsequent 
pages (Fig. 191). Hot water seems also to be the most effective treatment 
against primary infection with Phoma lingam on swedes and turnips, and is 
recommended against cabbage black rot {Xanthomonas campestris) in various 
countries. It has the great disadvantage that the margin of safety between the 
temperature and time required for effective sterilisation, and those liable to injure 
the seed is generally small, so that the method is not very suitable for general 
farm practice. Against the obscure sugar-cane disease known as chlorotic streak 
and attributed in Hawaii to a Chytridiaceous fungus, hot-water treatment of the 
setts is the only remedy known, a treatment at 52° C. for 20 minutes being 
recommended. The runners of mint {Mentha villoso-nervata) propagation stocks 
have been effectively freed from rust {Puccinia nienthae) at Long Ashton by 
immersing them in water at 195"^ to 115'' F. for ten minutes in mid-February 

Wound Protection and Disinfection 

In orchard and garden practice and in the care of ornamental and shade trees 
pruning occupies a very important place in the seasonal routine. It is still more 
important in tea planting, where it is a most valuable means of securing the desired 
succession of flushes of the young and tender leafy shoots from which the tea is 
made. In rubber trees care of the tapping cut is a major consideration of the planter 
in those areas where diseases of the tapping panel occur, that is, in most of the 
chief rubber-growing countries. In all these cases there is grave risk of rotting 
of the exposed bast or wood from a host* of parasitic fungi which are normally 
incapable of penetrating the intact cork of the bark or which sometimes require 
access to the dead heartwood of the bush or tree before they can cause injury. 

In most cases it is sufficient to provide the pruning wound with a cover which 
will retain its continuity until the healing processes beneath it are sufficiently ad- 
vanced to reconstitute the corky barrier. For this purpose soft grafting wax made 
by melting 8 parts of resin, 4 of beeswax, and i of tallow, or a white lead paint 
consisting of 2 lb. white lead paste, two teaspoonfuls each paste drier and linseed 
oil, and one-quarter of a pint turpentine, has proved satisfactory in preserving 
plum and other trees from invasion of Stereum purpureum. Coal tar, commercial 
creosote, and asphaltum are other substances much used for similar purposes. 

When, however, the cut surface is liable to be contaminated with disease- 
producing organisms as in the eradication of fruit-tree cankers and the preservation 
of the rubber-tapping surface from panel diseases, disinfection must precede 
covering. For this purpose the high-boiling coal-tar carbolineums have been much 
advocated, but they are very variable in composition and have to be used with 
caution. Zinc sulphate has already been mentioned as effective against hold- 
over cankers in fruit trees. A mixture of equal parts of mercuric chloride and 
mercuric cyanide has been much used against fireblight cankers in the United 
States, where the exudate from them in the spring is carried by the wind or by 
flies or rain splashing to the first blossoms and other unprotected parts In 
Malaya extensive testing of disinfectants against mouldy rot {CeratostomeUa 
fimbriata) led to the preparation of a list of officially recommended disinfectants, 
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those most commonly used being coal-tar derivatives emulsifiable with water 
alone (agrisol, brunolinum plantarium, and izal). Three applications are made at 
intervals of 10 days and the treated surface is not usually covered. In severe 
attacks or during wet weather daily treatment may be necessary for about 12 
days, followed by treatment every 5 to 7 days. Bordeaux paste is extensively 
used in some orchards for the disinfection of stem cankers, and the most promising 
protectant against wound infection from apple canker in tests at Long Ashton 
was a paste made with 5 gm. monohydrated copper sulphate, 10 gm. hydrated 
lime, and 9 c.c. linseed oil. 

{d) Curative Measures against an Established Parasite 

A great many, indeed most, of the protective measures against parasitic attack 
that have been mentioned above fulfil a dual purpose by destroying existing 
parasites on the surfaces of the plant or seed as well as preventing infection from 
parasites newly reaching these surfaces. Heat therapy has only the former effect, 
and many of the chemical seed disinfectants also act primarily in this manner. 
It is often almost impossible in practice to separate the curative from the pro- 
tective aspect of the therapeutant ; furthermore, so many variable factors are 
involved in determining the efficacy of a particular fungicide that it has proved 
very difficult to devise a standard measure of evaluation of protective or curative 
activity, the more so since many of the preparations used are proprietary and 
their exact composition not easy to ascertain. The attempt made to find a quantita- 
tive measure by determining the ‘ chemotherapeutical index \ that is to say, the 
figure obtained by dividing the dosis curativa or minimum lethal concentration 
of the fungicide for a given pathogen by the dosis toxica or concentration at which 
incipient injury to the host plant is observed, has proved a failure in field practice 
and has been largely abandoned. At present there is no really satisfactory alter- 
native to the laborious system of field testing under as great a variety of conditions 
as possible, though there is much work in progress to develop laboratory methods. 
Until these have been improved, the attempt to distinguish curative from protective 
applications may present insuperable difficulties. 

Fruit blemishes due to apple and citrus sooty blotch {Gloeodes pomigena) 
and apple fly speck {Leptothyrium pomi)^ and similar superficial fungi, may be 
removed after immersion of the fruit in bleaching powder and sodium bicarbonate 
or in calcium hypochlorite alone, rinsing in water, and wiping with a cloth. 
The w^ashing of citrus and other fruits in antiseptic solutions to prevent wastage 
in transit from moulds whose spores may be present on the surface is a common 
practice. Borax and sodium bicarbonate have proved satisfactory against the 
species of Penicillium which are the cause of so much transit wastage. Though 
borax is not permitted by the food preservation laws in England and various 
other countries, it was largely used on citrus fruits for this purpose until gas 
treatment with nitrogen trichloride, the use of diphenyl-treated wrappers, and 
other methods supplanted it. Wastage due to Penicillium and Botrytis cinerea 
in exported Ohanez grapes has been experimentally controlled in Western Aus- 
tralia by mixing potassium metabisulphite with the granulated cork used for 
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packing. The liberation of sulphur dioxide from alum and sodium bisulphite 
tablets has had a similar effect in South Africa. Much work is in progress at the 
low-temperature research stations at Cambridge, Cape Town, and Trinidad on 
the control of fungal wastage of fruits in transit by the use of impregnated wrappers, 
oil dips, and the like, but it is mostly still experimental. 

Surgical treatment for the cure of fruit cankers has already been mentioned ; 
for various stem and root diseases of pe’^manent woody crops it has also been 
undertaken on a large scale in rubber and coconut plantations and the like. In 
rubber the standard treatment against root diseases is based on a tree-to-tree 
examination of the collar and larger roots, extending outwards from cases of 
incipient attacks of the disease. If the mycelium is still superficial or penetration 
is slight the root is scraped clean and drenched with 2 per cent, copper sulphate. 
If infection is deeper, the root is amputated and the wound dressed. The root 
stump from which infection originated is traced and destroyed, all infected jungle 
timber removed from the diseased patch, and the limits of the infected area 
demarcated by isolation trenches. Somewhat similar methods are used against 
the honey agaric fungus {Armillaria mellea) on the roots of citrus and deciduous 
fruit trees in California, Australia, and other countries, infected trees being saved 
by surgical methods if not too far advanced, spread being checked by trenching, 
and all sources of infection removed. The attempted biological control of this 
fungus in Nyasaland has already been discussed. In Great Britain these root 
diseases have not hitherto been found under conditions necessitating the applica- 
tion of similar control measures. 


MEASURES DIRECTED TO INCREASING THE RESISTANCE 

OF THE HOST 

Some of these depend on inherent characters and are made use of in the pro- 
duction of crop varieties resistant to particular diseases. Others depend on 
external conditions and vary from place to place, from year to year, and with 
different agricultural practices. 

Breeding Disease-resistant Plants 

The breeding or selection of resistant varieties of the host is perhaps the most 
powerful weapon available in the fight against crop diseases. Resistant varieties 
against many of the major diseases are now grown in crops such as the cereals, 
potatoes, beans, peas, cabbage, turnip, beet, tomato, cucumber, celery, cotton, 
sugar-cane, and so forth. Unconscious selection of disease-resistant varieties of 
staple crops has certainly been operative against many of the commoner diseases 
over a period of centuries, but controlled rational eflForts in this direction have 
only been in progress for little over a generation. Success has not been easily 
reached, and the hopes aroused in the first flush of enthusiasm at the discovery 
of the laws governing the inheritance of the characters of resistance and sus- 
ceptibility to certain diseases have not been completely fulfilled. Not only is it 
difficult to couple resistance to a disease with the desired quality of the crop, but 
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far more serious complications are caused by the presence of numerous physio- 
logical forms of the parasite and the disquieting frequency with which new ones 
appear. Resistance to these may not be possessed by the varieties already available 
and may be separately inherited from that to the forms previously known. As 
an instance of this, the greatly increased prevalence of race ‘ 56 ’ of Puccinia graminis 
tritici in the United States and Canada during the last few years has spoiled the 
prospects of some very satisfactory wheats (e.g. Ceres) that had been bred for 
rust resistance Furthermore, the increasing recognition of the complexity 
of the factors governing resistance to many diseases, and the fact that resistance 
obtained by hybridisation may be governed by entirely different factors according 
to the variety of the host that serves as a parent, have damped still more the earlier 
ardour of the advocates of this method of disease control. 

Nevertheless, the use of resistant varieties is the only satisfactory way in 
which control of a great many diseases may be hoped for, and there are sufficient 
successes to the credit of the plant-breeders to justify the claim that it remains the 
best method against a host of diseases. Examples are separately given of the 
control of certain virus diseases in this way, and the list can be expanded many 
times when bacterial and fungal diseases are included. To mention only a few, 
the production of wart-immune potatoes of good quality has removed the menace 
to potato-growing caused by this disease in a large part of Great Britain. Breeding 
against club-root of swedes and turnips, a notoriously difficult disease to control, 
has now reached a stage of great promise ‘ \ Many of the best wheats now grown 
in England have been bred for resistance to yellow rust or have this as an im- 
portant character in their constitution, while over a large part of North America 
varieties were developed by breeding and selection which withstood the ravages 
of black rust. With the change in the prevalence of particular physiologic races 
of this rust, other wheats since produced have come into favour and the process 
is still going on. Thus, work is at present in progress in Canada on a group of 
wheats bred in Kenya which have been found to be practically immune from all 
the physiologic races of Puccinia graminis now occurring in Canada. In commenting 
on the slight damage caused by this rust to wheat in Manitoba in 1939, it was 
officially stated that 77 per cent, of the wheat acreage was sown in that year with 
the black rust resistant varieties Thatcher and Renown, and another 18 per cent, 
with durum wheats, chiefly Mindum. Resistance to rust and bunt and to rust 
and mildew has been combined in several varieties of wheat, while the Marquillo 
wheats are resistant to certain insects, such as Hessian fly, in addition, and this 
resistance is being combined with that to the fungus diseases. 

Stewart’s bacterial wilt of corn {Xanthomonas stewarti) almost completely 
destroyed the early varieties of sweet maize in a considerable area of the United 
States, until it was largely overcome by growing new resistant hybrids. As 
mentioned in an earlier chapter, however, this organism appears to be highly 
plastic, and growth in resistant host varieties increases its virulence. This is 
believed to be due to the selection of virulent strains arising by saltation within 
the host. A similar explanation has been given to account for the fact that 
passage through President potatoes increases'the virulence of a strain of Phyto- 
phthora infestans^ against which this variety is normally resistant. 
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In breeding for the control of crop diseases, the object may sometimes be 
attained by breeding for disease escape or disease tolerance, instead of for true 
resistance. Early varieties may escape a disease, sometimes because meteorological 
conditions (temperature and so forth) may not be suitable for infection, sometimes 
because the parasite is not present early in the season in sufficient numbers to 
cause serious injury. The famous Marquis wheat escaped black rust in the 
Prairie Provinces of Canada because of its early maturity. The Indian cereal, 
ragi or kurakkan (Eleusine coracana)^ does not suffer from blast {Piricularia sp.) 
if sown at Coimbatore between October and April, but is heavily infected when 
sown from June to August; where soil temperature is an important factor in 
infection, as with the smuts and Fusarium wilts, a difference of a fortnight in 
sowing date may be very important. It may be equally important to aim at 
increased tolerance of a disease by breeding for particular root characters or for 
enhanced vigour during the period of exposure to infection. The indications 
from observation at East Mailing that the kind of root-stock on which the scion 
is worked influences the extent of infection with apple scab and canker, and of 
silver leaf on plums, have already been mentioned. Comparatively little atten- 
tion, however, has been paid to these aspects of plant breeding, which never- 
theless deserve more consideration than they have received. 

The ultimate object of all breeding work is to secure a sufficient range of 
variability in the crop in question to permit of selection for desirable characters. 
It may well happen that there is already available in the population of the crop 
at hand a wide enough range of characters to allow of selection into suitable clonal 
lines being undertaken immediately. It also happens at times, however, that 
nothing like the full range of chromosomal equipment possessed by a genus of 
plants has been accessible to the breeder. This is particularly noticeable in a 
crop like the potato, where until recently the bulk of the breeding work has been 
carried out with varieties of Solarium tuberosum that are tetraploid, with 20 = 48 
chromosomes. Allied diploid, triploid, and hexaploid species of Solarium are 
known, some of which are quite immune from potato blight. The recent collec- 
tions of these made by Russian, German, and British expeditions to Central and 
South America have greatly expanded breeding material, though they have not 
disclosed varieties resistant to Phytophthora infestans outside central Mexico. 
With this new material, potato-breeding in Great Britain, Canada, India, Russia, 
Germany, and elsewhere has entered on a new phase. The fact that not a single 
case of true resistance to Endothia parasitica has come to the notice of the Bureau 
of Plant Industry in the United States during twenty-five years of careful recording 
amongst the native Eastern States chestnut hosts of this jfungus, not one of which 
has escaped attack, may be due to masking (as mentioned in the next paragraph) 
or to a real absence of factors for resistance amongst the local population of these 
trees Interspecific hybridisation may be needed to introduce the wished-for 
factor. This has been successfully accomplished in a good many cases, as in the 
transference of the single dominant factor for immunity from tomato Fusarium 
wilt and the factors against most strains of Cladosporium fulvum carried by Lyco- 
persicum pimpinellifolium to cultivated tomatoes 4), 

There is good evidence that a population may have become fairly stable by 
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self-contained cultivation under more or less uniform conditions and yet contain 
hidden genes for characters of great importance, the existence of which is too 
seldom revealed to attract attention. It is in such cases that intervarietal or 
interspecific hybridisation becomes a valuable means of revealing the potentialities 
possessed by a heterozygous crop. It is hard to account in any other way for the 
development of sporadic cases of high resistance to witches’ broom {Marasmius 
perniciosus)y which began to appear amongst the Nacional and Venezuelan types 
of cacao in Ecuador, both of which appear to be equally susceptible to the disease, 
after the latter type had been introduced from Trinidad about 1890 and had 
become established. No similar cases of resistance have ever been encountered 
in this type either in Trinidad or on the eastern mainland of South America. 
The suggestion was made that the locally grown Nacional type carried one or more 
genes for resistance from its traditional home on the eastern side of the Andes, 
which had remained masked until crossing with another type revealed them. 
An expedition sent to the head-waters of the Amazon in 1938 yielded a number of 
types apparently resistant to the disease, which was found to be widespread 
in the area, and many of these, and of those that have appeared in Ecuador, are 
now under test in Trinidad and show considerable promise 

While the pathologist must turn for help to the plant-breeder for the solution 
of many of his problems, the latter not infrequently raises fresh problems for the 
pathologist. In breeding for improved quality it appears that the character of 
resistance to certain diseases may be lost. This may be a possible explanation of 
the recrudescence of the potato dry rot {Fusarium caeruleum) in Scotland, where 
dry rot was formerly a major disease but had diminished to almost negligible 
proportions in the varieties that became established in the half-century following 
the appearance of potato blight. An equally great varietal change has resulted 
from the onset of wart disease, and it may be that amongst some of the varieties 
now favoured, susceptibility to dry rot has again appeared. Similarly, there is 
some evidence that in the varieties of sugar-cane bred for resistance to mosaic 
disease and improved field performance in Louisiana and India susceptibility to 
red rot (Colletotrichum falcatum) has become enhanced, though the more generally 
accepted explanation is that strains of the fungus showing exceptional virulence 
have appeared. Many plant-breeders have found it necessary to discard promising 
varieties because of enhanced virulence in them of some parasite normally of 
secondary importance, such as ergot in wheat. As against these cases must be 
set those where the complete control of a disease has followed the elimination 
of certain susceptible varieties, as has happened with red stripe {Xanthomonas rubri- 
lineans) of sugar-cane with the decline in the cultivation of Tip canes in Hawaii. 

In the chapter on Resistance and Susceptibility details are given of the genetics 
of host-plant resistance to disease in a number of cases sufficient to illustrate the 
complexity of the problem (p. 151). 

Enhancing Resistance by Measures other than Breeding 

Many examples of this have been mentioned in earlier sections, especially 
that on the influence of nutritional conditioni on plant diseases. It was 
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pointed out that even when the parasite is one which is favoured by a luxuriant 
growth of the host, it is sometimes possible to secure a more than compensating 
increase in growth and avssimilatory vigour in the latter by judicious manuring or 
in^)roved cultivation. But many hopes that have been based on this method of 
combating disease have proved illusory, and the tale of disappointment which 
has so often followed the many attempts that have been made to check the progress 
of some epidemic outbreak of plant disease by improvement in cultivation and 
the like is a warning against optimism on this score. There seems to be an inherent 
tendency, not always confined to the so-called ' practical man to attribute the 
failure of a crop from disease to some error in cultivation, but there is abundant 
evidence that any measure that does not take into account the activities of the 
parasite concerned is palliative only when judged by its final effect. 


MEASURES DIRECTED TO IMPROVING ENVIRONMENTAL CONDITIONS 

Some of these have already been discussed where they are specifically directed 
against the parasite (‘ field sanitation or in favour of the host C enhanced re- 
sistance ’ from manuring and the like). Others are of a more general character 
and affect the diseavSe as a whole without any clear indication as to which partner 
is most concerned. Even with the most important of these — crop rotation — 
it is far from certain that the effect is wholly on the parasite, for there is much 
evidence that ‘ soil sickness ’, as involving a particular crop, is not wholly due 
to the accumulation of pathogenic organisms in the ‘ sick ’ soil. Hence the subject 
of crop rotation is included here in spite of the fact that its object often is to free 
the soil from particular pathogens. Leaving out these wider aspects of crop 
rotation, for they are outside the scope of this book and the cause of their influence 
on good husbandry is not always well understood, the practice gives powerful aid 
to the control of such diseases as the Fusarium wilts of flax and other crops, club 
root of crucifers, and foot and root rots of cereals of the Ophiobolus graminis 
type. The interposition of two or three non-susceptible crops has given effective 
control of the raspberry wilt due to V erticillium dahliae, and a three-year grass 
ley almost eliminates Corticium solani infection of clean potatoes in New Zealand. 
Unfortunately a good many grasses are susceptible to Ophiobolus graminis ^ but 
on heavily infected land timothy {Phleum pratense) and tall oat grass {Arrhenatherum 
avenaceum) can be used as grass leys with fair safety Against flax wilt a rotation 
of eight years is sometimes practised, though persistence up to eleven years has 
been reported, whereas club root may have largely disappeared after four. Potato 
wart disease, however, remains for ten to fifteen years in the soil and rotation is 
not a practicable defence against its recurrence. For rotation to be effective it is 
not necessary that the pathogen should have completely disappeared. Most 
crops will stand a reasonable degree of thinning without loss of yield — in several 
a 10 per cent, loss of early stand is scarcely reflected in final out-turn — and cleansing 
to below the level that will depress yield is fortunately often a simple matter. 
That standard systems of rotation may be partly based on this cleansing effect, 
even when the identity of the pathogens is not certainly known, is evident from 
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the results of departure from them under pressure of circumstances, as in war- 
time, when diseases ordinarily of little importance may become prominent. The 
dangers involved in growing a single crop over large continuous stretches of land, 
in the use of clonal lines, and in other practices which increase the chances of the 
spores of a parasite in finding a susceptible host to bombard, have already been 
mentioned. Windbreaks are sometimes of value, not only because of the protection 
against leaf injury they confer, as for instance in relation to citrus blast {Pseudo- 
monas citriputeale), but also because they intercept or break up spore showers 
and thus reduce the intensity of bombardment. 

In many diseases spores are produced or infection occurs only when free water, 
such as is provided by dew films, persists for some hours. Severe attacks by the 
strains resembling Botrytis cinerea that cause chocolate spot of broad beans ( Vida 
faba) occur during prolonged rainy spells with little wind or sun, and are pro- 
moted by a dense stand and by shelter from wind which might dry the film of 
moisture. Wide spacing, free ventilation, and good drainage are useful in reducing 
the risk from this disease. In the banana leaf spot caused by Cercospora musae^ 
the damage, as in chocolate spot, depends primarily on the intensity of sporulation, 
which in turn, in much of the Caribbean area, is largely determined by the inci- 
dence of dew. Shade reduces dew formation and consequently spore production. 
Similarly, shaded plants of chilli pepper often escape damage from Colletotrichum 
capsid, as the die-back caused by this fungus at Pusa was found to be closely de- 
pendent on heavy and prolonged dew deposits after the rainy season, which were 
absent under shade. Standing water has also an influence on certain diseases 
communicated from wet soil to the lower parts of plants. In irrigated citrus 
groves in California the fruits are much more likely to become infected with brown 
rot {Phytophthora spp.) by splashing, if the water is held for a prolonged period 
around the base of the tree. Basin-irrigated oranges had 62 times as many fruit 
infected as furrow-irrigated trees in one reported experiment, and there were 
over 13 times as many rotted fruit where the water stood for from 24 to 72 hours 
as when it percolated through the soil quickly. In another group of diseases, 
soil moisture, linked perhaps with aeration of the roots, seems to play a part as 
yet little understood. Instances are the root rot of strawberries in Great Britain 
and North America, root rot and wilt of cotton in the Sudan, and the ‘ root disease 
complex ’ of sugar-cane in Hawaii and elsewhere. Diseases of this type are 
characterised by the development of multiple lesions, often associated with a 
number of diiferent fungi, which tend to appear where drainage is temporarily 
or locally impeded or where water-logging reduces aeration. The appearances 
suggest that the lesions are due to local necrosis, perhaps even to the action of 
a specific toxin on the root cells, and that the fungi that can be isolated from 
them are secondary invaders, not of high virulence. The improvement of drainage 
and root aeration are the only measures that can be taken against these diseases 
until more is known of their etiology. Drainage is also regarded by some as the 
first means of control of potato blackleg, due to Bacterium phytophthorum (Part 
II, p. 483), while there are many instances of its importance in tropical countries. 
Other illustrations of environmental factors favouring disease, some of which 
may be remediable, have been given in an earlier chapter (Chapter V). 
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Chapter VIII 

VIRUS DISEASES OF PLANTS 

Introduction ; Historical 

Virus diseases of plants are dealt with here in a general way, and the more im- 
portant types in Britain are described in the second part of this book. 

There is no reason to suppose that virus diseases are of more recent origin than 
those caused by fungi or bacteria. The increased attention that they have attracted 
of late is probably rather the result of improved diagnosis and of the ever- 
increasing traffic in plants which has led to the wide dissemination of so many plant 
diseases from one country to another, than of the appearance of new disease- 
producing agents. Many virus diseases cause a progressive deterioration, with 
chlorosis and other obscure symptoms, and so have been more readily overlooked 
than the rusts or smuts or blights that injure crops. However, one disease now 
known to be caused by a virus, the ‘ breaking ’ of tulips (Part H, p. 876) (Fig. 
409), produces such beautiful effects in the flowers as to have been promptly 
noticed when it reached western Europe, possibly from Turkey, in the sixteenth 
century. It was described by the celebrated botanist de PEcluse (Carolus Clusius) 
in 1576 and can be seen depicted in the paintings of Dutch and Flemish artists 
in the late sixteenth and seventeenth centuries. Methods of inducing ‘ breaking ’ 
in tulips were advocated, some of them highly fanciful ; in 1670 there was a 
suggestion that the variegation might be the result of a disease, and in the 
eighteenth century Van Osten claimed that a whole-coloured ‘ breeder ' could be 
broken by grafting a piece of a broken bulb on to it. This clue was not followed 
up, and there is little indication for another 250 years that broken tulips were 
thought to be diseased. 

A similar state of mind must have existed among those horticulturists who 
knew more than a century ago that variegation in ornamental plants could some- 
times be communicated by grafting. Even a variegation in the apple was trans- 
mitted by Vibert in France by shield-budding in 1863. In the elaborate scientific 
studies of the variegation which is characteristic of the Abutilon variety called 
Thompsoni by horticulturists (first observed in a single plant amongst A. striatum 
imported from the West Indies to England in 1868) transmission by grafting 
to normal green plants was fully established between 1904 and 1908. This type 
of ‘ infectious chlorosis \ as it was termed, was found to affect various other Mal- 
vaceae and unrelated plants (mountain ash, chestnut, EuonymuSy jasmine, etc.), 
but as it was only transmissible by grafting and seemed to do little harm, it was 
not generally classed as a disease. 

The first destructive outbreak of what are now known to have been virus 
diseases of a crop, of which records exist, appears to have been the ‘ leaf roll * 
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of the potato (Figs. 164, 269), which 
was extremely prevalent in Great 
Britain for many years from about 
1770 onwards. A similar condition 
was well known in Germany about 
1785. Leaf roll, originally known as 
' curl was doubtless due to several 
viruses, often more than one in the 
same plant. The symptoms of general- 
ised deterioration — pallor, deformity 
of the top, leaf and stem weakness, 
reduction in cropping vigour, and the 
like — led to the widespread belief 
that It was the result of ‘ running out ’ 
of the plant owing to long-continued 
vegetative propagation; degeneration 
and senile decay were held to be suffi- 
cient to account for the trouble. Even 
as early as 1802, however, a suggestion is found that greenflies were implicated; 
now amply confirmed, this suggestion received little support at the time, and the 
view that degeneration in the potato and other plants could best be prevented by 
outbreeding and the production of seedlings by fertilisation of the flowers held 
the field for more than a century. During this period it was noticed that de- 
generation progressed much more rapidly in some localities than in others, and 
the practice became established of importing potato seed tubers from Scotland 
for growing in England, with very beneficial results. It was not easy to account 
for this with the knowledge then available, but northern hardiness and the benefits 
of ‘ change of air ’ w^ere vaguely thought to play some part. 

\)uring the nineteenth century several other important crop diseases now 
known to be due to virus agencies were recognised. Among these was the ‘ sereh ’ 
disease of sugar-cane seen in Java in 1882 ; this rapidly became a menace to the 
important and increasing sugar industry of the island and was the cause of the 
development of biological, chemical, and cultural research into cane problems 
which led to effective control of sereh and secured for the Dutch East Indies the 
leading place in sugar-cane research. In 1890 mosaic of sugar-cane was first 
mentioned under the name ‘ yellow stripe disease ' in Java ; unlike sereh, it 
subsequently spread to all the cane-growing countries of the world, and the 
extensive deterioration it caused makes its discovery a landmark in the history of 
plant virus diseases. Tomato mosaic (streak) was mentioned in England in 1887 
and described five years later in the United States. 

Meanwhile another disease, this time of tobacco, began to attract attention 
in northern Europe. It was described by Mayer of Holland in 1886 and termed 
‘ mosaic ’ disease, a name based on the marbled effect of light and dark green 
patches on the leaves which found popular favour and was afterwards applied 
to many diseases causing leaf mottling, Mayer showed that tobacco mosaic 
could be mechanically transmitted from a diseased to a healthy plant, reproducing 



Fig. 164 — Leaf roll of potato, variety British 
Queen (photo by Foister) 
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the disease. Further studies of the same disease by Iwanowsky in 1892 demon- 
strated that infection of a healthy plant by the juice from a diseased one still 
occurred after the juice had been filtered through a porcelain filter that prevented 
the passage of bacteria, and also that the infective matter multiplied abundantly 
in its new host plant, resisted drying and alcohol, and thus differed from bacteria 
and the like ; therefore he thought the infective matter must be something in 
solution or perhaps in minute bodies in the cell plasma. For the first time the 
exisfence of invisible disease-producing agencies smaller than anything yet known 
was postulated ; their study was made possible and a basis for virus research 
established. A few years later the famous Dutch bacteriologist Beijerinck, knowing 
nothing apparently of Iwanowsky 's work, made a detailed study of Mayer’s disease 
and, reaching the same conclusions as Iwanowsky, propounded in 1898 his theory 
of the contagium vivum fluidum, an infectious living fluid or non-particulate agent 
of disease. It was in the same year that Loeffler and Frosch, working on foot- 
and-mouth disease, first demonstrated that animal diseases occurred of the type 
now known to be due to viruses. 

Soon after Mayer’s work Erwin F. Smith carried out studies of a destructive 
disease known as peach yellows in the United States (where it was first recorded in 
1791) and in 1888 published the results of experiments proving that the disease 
could be transmitted by grafting or budding but not by any other of the methods 
that he tried. Beijerinck thought that peach yellows was another example of the 
contagium vivum fluidum^ and it was later recognised as being allied to tobacco 
mosaic and similar diseases. 

For a number of years after Beijerinck’s work thbre was little progress in the 
study of virus diseases of plants though there were isolated investigations of 
interest. Thus, in 1901 the Japanese Takami succeeded in transmitting the 
‘ dwarf * or ‘ stunt ’ disease of rice by the leaf hopper Nephotettix apicalis, the 
first insect transmission of a disease now known to be due to a virus on record. 
In 1902 Kamerling claimed to have transmitted sugar-cane mosaic in Java by 
injecting sap from a diseased into a healthy cane. Between 1906 and 1915 a 
group of workers in the United States associated beet ‘ leaf curl ’ with infestation 
by leaf hoppers, then showed that these insects caused the disease, and finally 
that they could only do so after feeding on a diseased plant and that the infectious 
agent was not merely carried mechanically by the insect. In 1913 Quanjer, who 
had already started his classical researches on the virus diseases of potatoes in 
Holland, reported that a necrosis and lignification of the phloem was a constant 
concomitant of potato leaf curl (roll) and was an infallible symptom of the disease, 
which he therefore termed ‘phloem necrosis’ of the potato. In 1914 Orton 
described and named potato mosaic which he had seen in Germany in 1911, 
and introduced the name ‘ leaf roll ’ instead of ‘ curl ’ into American and English 
usage, and also the term ‘ streak ’ for yet another type of these potato diseases. 
From 1914 to 1918 Allard greatly extended knowledge of tobacco mosaic. In 
1916 Quanjer proved th^t potato leaf roll was an infectious communicable disease. 

It was still possible, however, for one of us to write in 1918 in discussing 
tobacco mosaic ; “ It is,, perhaps, the best known example of a group of diseases 
of obscure origin, in which not only has no parasite been detected, but there is 
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Strong reason for believing that none of any type known to us can exist. Some 
hold that it is a physiological disorder, due to an innate alteration in the processes 
or functions of the plant, not brought about by the presence of an independently 
living parasitic organism ; others, that it must be parasitic but due to a form 
smaller than any yet known, or even to a ‘ living contagious fluid ’ — a suggestion 
which goes still further beyond the limit of any life known to us. , It seems more 
reasonable to suppose, as other investigators have, that the virus is one of an 
enzymic nature, capable of producing extensive effects in minimum doses. . . . 
Similar diseases are known in tomatoes, chillies, and other plants. . . . They 
form a group which is perhaps the most obscure in the whole field of vegetable 
pathology.'’ 

Soon afterwards the successful insect transmission of spinach blight (Cucum- 
ber mosaic virus) and potato ‘ mosaic * in the United States, of potato leaf roll 
in Holland, and of sugar-cane mosaic in the United States, together with the 
discovery in the United States that cucumber and bean mosaics were trans- 
missible through the seed, marked the initiation of a period of intense activity 
in plant virus research. Investigation of potato virus diseases was actively pro- 
secuted in Holland, the United States, Canada, Great Britain, Ireland, France, 
and many other countries. Records of diseases of the ‘ leaf curl ' and ‘ mosaic ' 
types became frequent, so that in 1921 it was stated that mosaic was known in 
30 genera of 10 families of plants and mosiac-like diseases in 8 genera of 5 families. 
The view that these diseases were caused by ultramicroscopic organisms was 
gaining in credence. Studies of their behaviour in the insect host, especially 
in Eutettix tenellus (Fig. 172)^ the vector of curly top of sugar beet in the United 
States, were throwing light upon the relation between insect and virus. By this time, 
too, the view that ‘ degeneration ' was a concomitant of long-continued propaga- 
tion from the same stock had been rudely shaken. The opinion was definitely 
expressed in England in 1921 that potato “ degeneration is but a symptom of 
a disease, and this disease is probably mosaic In France in the same year 
it was stated that degeneration is only the consequence of disease or poor adapta- 
tion of a plant to its environment and that, in the potato at least, propagation 
by asexual means cannot be held to lead inevitably to degeneration of a variety ; 
while in the United States, again in 1921, the running out of a large series of 
potato varieties observed in Minnesota was believed to be due to the introduction 
of mosaic (using the term in a broad sense) with some of the tubers brought to 
the Experiment Station in 1883. 


The Nature of the Virus 

Throughout this period and for some time afterwards attempts were made to 
identify as the causal organisms of virus diseases of plants certain elements seen 
in the diseased tissues or obtained in cultures from them. In some cases bodies 
reminiscent of the * elementary corpuscles ’ described in certain animal and 
human virus diseases were thought to be the infective organism, and the name 
Strmgyloplasma ivanovskii was given to bodies seen in tobacco mosaic. Amoeboid 
bodies found in maize and Hippeastrum mo^ic and, later, in those of sugar-cane, 
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tobacco, and Brassica were thought possibly to be protozoa or other living organisms 
causative of the diseases, as some held the Negri bodies in animals affected with 
rabies or the Guarnieri corpuscles associated with smallpox to be- Flagellates and 
Trypanosome-like organisms were reported in the phloem of various plants 
suffering from virus diseases, but were later shown to be normal constituents of 
the cells. The new genus Phytamoeba was established for supposed amoeba-like 
organisms seen in Fiji disease of sugar-cane, while Plasmodiophora tahaci was re- 
ported in mosaic tobacco plants, and minute motile organisms were stated to occur 
in the cells and chloroplasts of mosaic tomato and other plants, but were later seen 
in healthy plants also and were presumably due to contamination of the material. 

In 1922 Twort reported his constant failure to establish cultures of ultra- 
microscopic organisms occuring saprophytically. He supposed that more primitive 
forms of life than the bacteria or protozoa must exist and that the filter-passing 
lysins associated with many bacteria which he had found in 1915 (the bacteriophages 
of d’Herelle, 1917) may be in this class ; he inclined to the view that a precellular 
form of life, situated in a sense between the simple enzymes and the bacteria, 
may constitute the ultra-microscopic viruses. Another possibility which he dis- 
cussed in the following year was that the viruses might be unimolecular stages 
of the host which for some reason preserved their independence when the fertilised 
cell first divided. Akin to this view was one expressed in the United States in 
1923 that the agent might be a product of the cell such as a particle of chromatin 
or possibly some structure such as a gene which had escaped from the shackles 
of co-ordination in the cell. 'Again it was thought in 1926 to be conceivable that 
a virus might be an intermediate stage in the evolutionary path from the non-living 
to the living and might have acquired some of the properties of living matter, e.g. 
that of reproduction, but not others. -/Though successful cultivation in vitro of 
the causal agent of tobacco rnosaic was reported in 1924, subsequent work failed 
to substantiate this claim. The inclusion bodies (‘ X '-bodies) found in the 
cells of many virus-infected plants were early considered to be nothing more than 
degeneration products of the cell, and later work indicates that they are the result 
of reaction of , the cell to the presence of the virus and are an effect, not the cause, 
of the disease.^ 

Up to 1935 most biologists regarded the viruses as living organisms, though 
few believed that any plant virus had been seen under the microscope or cultivated 
artificially in cell-free media ; there were still some, however, who maintained 
that an autocatalytic as opposed to an organic nature best explained their properties. 
In that year Stanley announced in the United States that he had isolated 
from tobacco mosaic juice a crystalline protein having all the properties of the 
tobacco mosaic virus ; he consfdered the virus to be an autocatalytic protein, 
presumably requiring the presence of living cells for its multiplication. / The 
following year he reported the preparation of a similar substance from the juice 
of tomatoes infected by tobacco mosaic^ while Bawden and co-workers who had 
been engaged at Cambridge in the purification of certain viruses, obtained liquid 
crystalline proteins from three types of tobacco mosaic which were infective at 
high dilutions — a millionth of a gram per c.c. or even less — and could be 
transmitted from plant to plant in series, showing rapid multiplication in the 
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infected plants. These proteins agreed with Stanley’s preparations in their high 
molecular weight, and X-ray studies indicated that they consisted of closely 
packed elongated rods. Further studies showed them to be nucleoproteins 
(containing phosphorus), separating as a jelly on high-speed centrifuging, and 
the view was expressed, in agreement with the American workers, that these 
heavy proteins, which were not found in healthy plants, might well be the actual 
viruses ; this view was strengthened by studies of potato virus ‘ X ’ reported in 
1938, which showed that the virus, when purified, appeared to be a solid mass of 
nucleoprotein showing under X-ray examination a perfect internal regularity 
in the particles, of the type found in some large protein molecules. 

The rods found in the tobacco mosaic and some other viruses are not true 
crystals, having 2-dimensional but not 3-dimensional regularity, and are better 
termed paracrystals ^ purification reduces tKeir filter-passing facility, a result 
apparently due to the aggregation of smaller particles present in the sap into longer 
rods ; as shown by electron microscope 280 J 8-6 m/x is a most common length. 
Later studies of the virus of the ' bushy stunt ’ disease of tomatoes yielded 
nucleoproteins in a form more closely approaching that of true crystals, with 
particles approximately isodiametric in shape and not tending to aggregate on 
purification ; the diameter of these particles is about 27*4 m/x* and their mole- 
, cular weight has been variously calculated as from 8,800,000 to 12,800,00. In 
^ the United States, Stanley isolated and studied a heavy nucleoprotein from tobacco 
affected by the ‘ ring spot ’ virus and assigned to it a molecular weight of 

3.400.000 and a spherical shape, with a particle diameter of 19 m/x ; the tobacco 
necrosis virus has a particle size between 13 and 20 m/x, and the lucerne mosaic 
virus 1 6* 5 m/x in diameter, these being about the smallest plant viruses so far 
reported. 

This ring-spot virus is thrown down in isotropic pellets without crystalline 
structure on high-speed centrifuging and can reproduce the disease. Apparent 
recovery takes place sometimes, the new leaves coming out without visible symp- 
toms ; it was found that in these unmarked leaves only about one part of virus in 

500.000 of fresh green leaf occurred, as against one part in 80,000 in leaves bearing 
many ring-spot lesions. ‘ Recovery ’ in this case is apparently merely due to a 
reduction in concentration of the virus in the host. The concentration of the 
virus, however, naturally varies according to the time allowed for its multiplication 
in the plant ; ordinary tobacco mosaic protein has been estimated to increase 
over a million times in a four-day period, and reaches its maximum concentration 
five weeks after inoculation. The concentration reached may be one part of heavy 
tobacco mosaic protein in 500 parts of plant tissue. 

J Specific nucleoproteins have now been isolated from a number of plant virus 
diseases. Some are infective in dilutions of one-thousand-millionth of a gram per 
c.c. ; in some, the molecular weight of the order of 20,000,000, and still heavier 
animal virus proteins, have been reported. In the other direction a heavy protein, 
having a molectilar weight of 500,000, has been isolated from the bacteriophages, 
and these are now regarded as causing virus diseases of bacteria ; they range in 

* a (micron) = — mm. : mu (millimicron) = —zlszrz 
^ ^ ' 1000 » I" \ 1,000,000 
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size from 10 to 75 m/x, are specific to particular bacteria, and are capable of multi- 
plication on them. Each virus has its own particular protein irrespective of the 
host plant from which it is obtained : tobacco mosaic nucleoprotein is the same 
in any one of several quite unrelated hosts, while potato X virus inoculated into 
tobacco produces a protein differing from that of ordinary tobacco mosaic and 
agreeing with the X virus obtained from potatoes. Their properties of stability, 
resistance to heat and other agents, and so on, agree with those that had already 
been established for the virus in the plant‘/ Even strain differences in a virus 
can be recognised in the purified product. In the highly purified products there 
is very little else than nucleic acid and protein ; no salts or carbohydrates or 
bound water, such as occur in all organisms hitherto known, have been detected. 

Workers with animal viruses have had some difficulty in accepting all the 
implications drawn from the botanical work. It so happens that animal viruses 
exist that are large enough to form a descending series in size from some of the 
smaller bacteria, without the considerable gap that is apparent between the bacteria 
and the plant viruses ; indeed some animal viruses are larger than some of the 
organisms, like that causing bovine pleuropneumonia, that have been artificially 
cultivated in cell-free media. Furthermore, saprophytic viruses have been dis- 
covered by animal virus workers ; one from I.ondon sewage is cultivable on ordinary 
media. At the moment it is hard to say more than that some viruses seem to have 
the characters of minute oi-ganisms, others to be devoid of ‘ living ’ properties 
as the term is ordinarily understood. Much turns on the definition of ‘ living 
matter ’, but those who are most closely in touch with the recent work on plant 
viruses seem to be least inclined to regard them as organisms. 

Diagnosis : Symptoms 

. No exact criterion exists for the diagnosis of a plant virus disease. None of 
the symptoms is exclusive, and there is no specific property by which the existence 
of a virus disease can be recognised.. The negative characters in the pathogen, of 
invisibility by ordinary methods of microscopic examination using visible light 
and uncultivability apart from the living tissues, are those most made use of in 
diagnosis, and if, in addition, the juice is found to be infective after filtration 
through porcelain or other bacteria-proof filters and the disease can be trans- 
mitted by sucking insects or by grafting, it is fairly certain to be due to a virus. 
Not all virus diseases of plants, however, have been found to be caused by filter 
passers, and where the only known method of transmission is by grafting, as in 
' paracrinkle ’ (virus E) of the potato, ‘ big bud ’ of the tomato, and ‘ spike disease ’ 
of sandalwood, neither juice infection nor insect transmission can be used to 
confirm the diagnosis, though there is little doubt that most diseases of this class 
will be found in time, as peach yellows was found after many years, to be insect- 
borne. I Transmission from plant to plant in series implies multiplication of 
the infective agent in the host and is a valuable help in diagnosis when no visible 
cultivable pathogen, such as a fungus or bacterium, can be detected. 

j The commonest symptom of virus diseases is probably th e mottling i n different 
shades of green or green and yellow (occasionally whitish) on which the term 
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Fig. 165. — Symptoms of virus diseases. A , dahlia infected with virus of spotted wilt. B, begonia 
infected with tomato spotted wilt virus. C, tomato spotted wilt. D, sugar beet mosaic, infec- 
tion with Beta virus 2 {A, C, photo by Bewley ; B, D, photo by Foister) 

‘ mosaic ’ is based (Figs. 165, 166, 167). This symptom, however, is also found in 
various deficiency diseases and occasionally a genetical chlorophyll deficiency is 
expressed in a similar manner.] Sometimes, both in virus diseases and these 
other disorders, the chlorosis or yellowing is generalised over the whole leaf 
surface. In many mosaic diseases the pallid or chlorotic areas produced on some 
of their host plants are arranged in concentric circles (the so-called ‘ ring spots ’) 
or in lines. \ A notable feature of some virus diseases of the potato, tomato, tobacco, 
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cauliflower, and other plants is 
the development of dark-green 
bands bounding the veins , this 
condition is known as ‘ vein 
banding ^ and may be evanescent. 
In ‘ bunchy top ’ of bananas the 
most reliable diagnostic symp- 
tom is the green streaking found 
alongside the veins in the leaves 
and sheaths, due to the phloem 
being replaced by a morbid tissue 
surrounded by ground cells rich 
in chlorophyll A leaf symptom 
of value sometimes in diagnosis 
is a translucent appearance of 
the veins termed ‘ vein clearing ’ 
(Fig. 168), this may be a very 
early symptom as in lily mosaic 
and the tobacco and tomato 



diseases caused by potato virus ^ — Tomato showing yellow mosaic Left, normal 

i . 1 leaf , right, infected (photo bv ntwlev) 


leaf , right, infected (photo by Btwley) 

followed a few days later by vein banding Inke the latter it is evanescent ^ 


‘ Y m which it is often 


More characteristic than mottling are various types of curling or crinkling 
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of the leaves, though these again may be 
simulated by insect attacks or, more rarely, 
by those of parasitic fungi. The latter, how- 
ever, are usually more localised than the 
effects of virus diseases, which tend to be 
generalised throughout the plant and are 
sometimes fully systemic. 

Necrosis results from the attacks of a 
good many plant viruses (Figs. 175, 176) ; it 
may be restricted to spots on the leaf which 
may be of the ‘ ring spot ' type, or arranged in 
Fio. i 68 .-Symptoms of vein clearing in lilies that have been described as re- 

Caldwell & Prentice, Ann App Biol) semblmg hieroglyphics, or may occupy small 

or large continuous areas ; or the necrosis 
may occur in streaks on the leaves or stems, the leaf veins sometimes being the first 
to be affected* In its most severe forms necrosis affects the whole tip of a shoot, or 
the petioles of the leaves, or an entire branch system, causing the collapse of the parts 
above the area affected. Necrotic areas may also develop in storage organs, as in the 
net necrosis of potato tubers which results from the destruction of the phloem in 
plants affected*" by leaf roll. The tobacco necrosis virus can kill the cells of all 
organs except the root but never causes mottling or chlorosis ; ordinary tobacco 
mosaic, on the other hand, only rarely, as at high temperatures, kills tobacco cells. 

Distortions and malformations of organs and abnormal growths such as galls 
and leafy enations are evidences of the 


profound changes in the internal order of 
the plant brought about by some virus 
diseases. A remarkable example is the 
' fern leaf ’ type of foliage (Fig. 170) found 
sometimes in tomato plants infected by 
tobacco mosaic or by cucumber virus ‘ i ’. 
In extreme cases the leaf lamina may be 
so reduced that the organ resembles a ten- 
dril. Elongation of the stems is checked 
in many virus diseases, to several of which 
the descriptive popular names of ‘ dwarf 
‘ stunt \ and the like have been applied. 

‘ Bunchy top ’ and ‘ rosette ’ are other de- 
scriptive names of virus diseases character- 
ised by shortening of the internodes and 
crowding of the leaves at the tip of the 
shoot. Less often, increase in size results 
from virus infection, as in ‘ giant hill " and 
witches* broom of potatoes, the over- 
grown tomato plants produced by tomato 



enation virus, and the abnormally large . 

« .. Fig. 169.— Tomato showing symptoms of 

leaves found m elm mosaic. A character- streak disease (photo by FoisW) 
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istic feature of potato witches’ broom is the growth of many (up to 200) thin wiry 
shoots from the leaf axils and base of the plant ; these may sometimes be thread- 
like and leafless In ‘ spike ’ disease of sandalwood the new leaves formed after 
infection is established are narrow, pointed, stiff, erect, and crowded together 
by shortening of the internodes ; they become progressively smaller and narrower, 
so that eventually the new shoots resemble fine spikes bearing four rows of bristles. 
Wiry, finely branched shoots with very narrow leaves arise from the trunk and 
branches of peach trees suffering from yellows. 

^ Galls arc caused by a few virus diseases, the best known of which are the ‘ big 
bud ’ of tomatoes and Fiji disease of sugar-cane ; the latter has as its chief symptom 
the production of elongated swellings along the veins of the under side of the leaves. 
In the ‘ stripe ’ disease of narcissus and daflFodils small galls or corrugations occur 
on the leaf surface, while small warts are found on the veins of the low^er leaf 
surface in sugar-beet ‘ curly top Thickening and increased prominence of the 
veins are found in several virus diseases, especially of the ‘ curl ’ or ‘ crinkle ' type. 
In leaf curl of tobacco and cotton the vein thickenings are green and are often 
associated with the formation of cup-shaped or laminar leafy outgrowths known 
as ‘ enations ’. Enations also result from infection of peas or broad beans by enation 
pea mosaic, and of tomato (enation tomato mosaic) and some species of Nicotiana 
by tobacco mosaic in the British Isles, North America, and elsewhere. A character- 
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istic spindle-shaped or cylindrical swelling of the shoots, due mainly to hyper- 
plasy of the xylem, is a late symptom of the swollen shoot disease of cacao, epidemic 
in a part of the Gold Coast. 

The floral abnormalities caused by virus diseases include the variegation of 
the petals so beautifully shown by many ‘ broken ’ tulips (Fig. 409), and similar 
striping of the petals in mosaic narcissus, iris, stock, wallflower, sweet pea (Fig. 
171), chrysanthemum, peach, and so forth. Phyllody (virescence of the flowers) 
occurs in aster yellows, spike disease of sandalwood, and big bud of tomatoes 
and beans. In * false blossom ’ of cranberry all the floral organs are abnormal and 
the flower may be replaced by whorls of leaves or a small branch. The well-known 
teratological prolongation of the axis of the affected flowers termed median floral 
proliferation is sometimes seen in * aster yellows * and ‘ big bud ’ of the tomato. 
Complete sterility sometimes results from failure of the stamens to mature, while 
up to 50 per cent, of the pollen has been found to be abortive in tobacco mosaic ; 
or it may be due to abnormalities of the gynoecium as in tomato big bud. Plants 
affected by the sugar-beet curly top virus may have twisted peduncles, dwarfed 
and desiccated flowers sometimes lacking the corolla, and malformed or aborted 
fruits and seeds. Flowering is largely suppressed by cucumber mosaic and aster 
yellows in some hosts ; or young flowers and fruit may T)e lost by abscission or 
by drying up. In groundnut, ‘ rosette ' flowering may occur but no nuts develop 
after infection. Similarly whole fields of susceptible varieties ol cotton have been 
seen in the Sudan where early total infection with leaf curl had not seriously 
impaired vegetative vigour, but it was difficult to find any mature bolls. Early 
blossoming is a feature of some potato and tobacco virus diseases and early fruit 
maturity of peach yellows. 

The roots of plants are little affected by the presence of virus diseases. In 
sugar-beet curly top there is an increase in the number of thread roots (the ‘ hairy ’ 
root condition), and in some hosts, such as tomato, the rootlets decay backwards 
from the tip. Several viruses have been successfully cultivated in the excised 
root tips of tomato for long periods without the slightest external symptom 
appearing. 



Fig. 171. — * Broken flowers.’ Ay of wallflower (photo by Foister & Noble), B, of sweet-pea ; 
on left, not infected ; on right, diseased ; the flowers are a pale lavender colour, the ‘ break * 
being of a reddish-purple colour (photo by Bewley) 
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The susceptibility of some crops, such as potato and tobacco, to infection 
by several different viruses was early recognised. The discovery in 1931 that 
simultaneous infection with more than one virus caused some of the well-known 
potato virus diseases, and the analysis and synthesis of these diseases, marked a 
notable advance in virus pathological research. At an earlier date it had been 
shown experimentally that inoculation of tomatoes with a combination of potato 
and tobacco mosaics caused a very severe ‘ streak disease \ while evidence was ob- 
tained that two tobacco diseases in Kentucky were each caused by a mixture of 
two viruses. It is now fully established that some of the most severe diseases of 
the potato and other plants are composite mosaic diseases ; potato crinkle (the 
‘ mild mosaic ’ of the United States) is due to a combination of potato virus A with 
X, potato net necrosis to A plus the virus of potato leaf roll, while tomato 
mixed streak is caused by tobacco mosaic virus plus potato virus X. 

Another serious complication in the diagnosis of these diseases is the great 
differences in the symptoms they induce in different varieties of the host plant. 
This has nullified attempts to base a classification on symptoms. The most 
complete studies of varietal reaction to infection by particular viruses have been 
made on potatoes, and the literature on these diseases is loaded with detailed de- 
scriptions of their effects on the numerous varieties commonly cultivated. Apart 
altogether from the symptomless ‘ carriers ’ of a virus and the phenomena of re- 
sistance to, and tolerance of, virus infection, varieties that are apparently fully 
susceptible may react in different ways to an individual virus. Tests in Holland 
of the reaction of a large number of varieties to infection by the ‘ Y ’ virus served 
to distinguish five types of reaction : the potato varieties in group ‘ A ’ suffered 
from mosaic with drooping of the leaf tips and margins ; in group ‘ B ' there was, 
in addition, a certain amount of rugosity with a few fine veinal necroses and yellowing 
or bronzing of the lower leaves ; group ^ C ' added to these symptoms a streak 
disease causing leaf drooping and desiccation owing to necrosis extending back 
from the leaf veins to the petiole ; in group ‘ D ' the necrosis extended to the 
surface of the stem, while varieties in group ‘ E ' showed little or no mosaic but 
there was severe dark necrosis of the veins with some necrotic spotting of the leaf, 
the necrosis spreading extensively in the stem and being accompanied by leaf 
drop. A somewhat similar grouping has been made of the reaction of several 
varieties in the British Isles to the same virus. Tuber necrosis is a prominent 
symptom in some potatoes affected by ‘ aucuba mosaic ’, while in other varieties 
there is none, though the leaf symptom of brilliant yellow spotting may be equally 
apparent in both groups. 

As might be expected, still greater differences than those found within the 
varieties of a single species of host plant occur when the virus is tested on susceptible 
plants belonging to different species, genera, or families. These differences are 
greater than those observed when pathogenic fungi or bacteria are similarly tested, 
so much so as to raise the question whether they are not due to an entirely different 
order of phenomena. The common ‘ tobacco mosaic ’, for instance, which is fully 
systemic in the cultivated Nicotiana tabacum^ produces only local circumscribed 
lesions on inoculated leaves of N, glutinosa and does not spread to the rest of the 
plant ; similarly circumscribed lesions are produced by it in French beans, but 
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it is fully systemic in spinach, tomato, and several other hosts. ‘ Tobacco necrosis 
virus ^ occurs naturally in the roots of a wide range of hosts in glass-houses at Cam- 
bridge without causing any visible symptoms ; natural infection of the leaves is 
unusual but has been seen in tobacco, while artificial inoculation causes only local 
infection, except in French bean, in which it may eventually become systemic. 
‘Tomato spotted wilt*, which has probably the widest host range (Fig. 165 c) 
of any virus disease in England and affects monocotyledons as well as dicotyledons, 
produces every kind of symptom from local lesions without systemic infection 
to complete systemic necrosis which kills the plant : vein clearing, mosaic mottling, 
bronzing, ring spots, leaf curl, stunting, resetting, necrotic spotting, vein and 
petiole necrosis, necrotic striping of the stem, distortion of leaves, flowers, and 
fruit, suppression of flowering, are all amongst the symptoms found in different 
hosts, though only a selection of them is usually found on any one host. The 
potato viruses seem seldom to pass outside the Solanaceae, but some of them show 
widely different symptoms on particular genera. ‘ Aster yellows * in the United 
States has a host range of over 160 species in many families, amongst which many 
distinctive changes in habit, overgrowth (excessive production of axillary shoots, 
aerial roots, elongation of the internodes, and so forth), dwarfing, deformation and 
pigmentation of leaves, floral abnormalities, necrosis, and decay have been observed ; 
chlorosis or yellowing without mottling is, however, a general symptom. Artificial 
infection tests in the United States, reported in 1940, showed that cucumber 
mosaic virus could infect no less than 191 species in 40 families. The diseases 
caused by this virus or by distinct strains of it are so diverse in their symptoms 
as often to defy diagnosis without extensive testing or serological study ; almost 
the whole range of symptom expression of virus infection may be found in some 
plant or other infected by it. 

Carriers 

The existence of ‘ carriers * of virus diseases, that is, of plants which contain 
a virus without any visible signs of infection, was early established. Thus, it was 
stated in 1923 that the juice from certain tomato plants that showed no symptoms 
two months after they had been inoculated with mosaic was capable in every case 
of causing visible infection of healthy susceptible plants. In the same year the 
existence of a carrier of hop mosaic was demonstrated. Similar results with 
potato roll and mosaic were reported in the following year. Later it was found that 
all the main cultivated varieties of potatoes in the United States were so universally 
infected with certain viruses that it was impossible without special precautions 
to obtain a virus-free tuber ; for a time the name ‘ healthy potato virus ’ was 
applied to the infective agent in these cases, but eventually it was recognised that 
American potato varieties were all carriers of one or more latent viruses, the 
commonest of which were strains of the ‘ X * virus ; the vein banding viruses 
‘ A ’ and ‘ Y ' and a top necrosis virus ‘ B ’ are also sometimes concerned. In 
the British Isles, Up-to-Date potatoes always carry ‘ X usually accompanied 
by ‘ B ’ ’i Golden Wonder and Irish Chieftain always carry ‘ A and King 
Edward, ‘ E ' ; since ‘ E ’ is only transmitted by grafting, cannot spread naturally, 
and has been found in King Edward in all parts of the world, the stock must 
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have been infected at its very origin.*' The ‘ Y ' potato virus is reported to be 
carried masked by turnips and other brassicas as well as by red clover, garden 
peas, and bindweed ; tomatoes show the early symptoms of infection (vein 
clearing, vein banding, and faint mottling) but become symptomless carriers 
as growth proceeds. In experiments at Cambridge leaf roll was carried by turnips, 
Brussels sprouts, stocks, and campanula. Carriers of the ‘ leaf roll ’ and ‘ Y ’ 
viruses, usually the two most destructive in the south of England, are rare in the 
potato varieties grown in Great Britain except in old-standing ‘ chronic ’ infections, 
but tolerant varieties are known in Germany, and the Swedish variety Imperial 
is a perfect carrier of leaf roll. Carriers of yellow edge and crinkle of strawberries 
are fairly common, especially in varieties in which the parent species Fragaria 
chiloensis is predominant, while in raspberries the well-known Lloyd George 
variety is sometimes a symptomless carrier of mosaic. 

In all these cases the presence of the virus in the carrier is revealed by infecting 
by grafting or otherwise a susceptible or ‘ indicator ’ plant in which visible symp- 
toms are produced, i' If potatoes carrying ‘ A ’ or ‘ X ' virus are grafted with one 
or other of several potato varieties, e.g. Up-to-Date, a lethal top necrosis results 
and the plant is killed. The wild strawberry Fragaria vcsca similiarly serves as 
an indicator plant for yellow edge and crinkle of strawberries. ^ 

^ The economic significance of carriers is twofold. In the first place, a carrier 
variety may suffer little from the presence of the disease, and under certain con- 
ditions the use of carrier varieties may minimise the losses in a crop. This is not 
of universal application, however, for cases have been reported in which yields 
have been substantially depressed by the unsuspected presence of a symptomless 
virus. Secondly, the carrier, while giving complete satisfaction in certain districts, 
may on transfer to a new locality become exposed to infection by another virus 
and the combination may be far more destructive than either alone ; thus, when a 
strain of X producing no symptoms on the potato variety President becomes 
combined with ‘ A which alone causes only a slight mottle on this variety, the 
result is a severe disease of the crinkle type. The rapid degeneration from crinkle 
of Up-to-Date potatoes which are extensively exported from the British Isles 
into Southern Rhodesia is probably to be traced to the carried virus which is 
present in all the imported stocks meeting with another crinkle constituent found 
locally.^/ 

Transmission of Virus Diseases 

In the transmission of these diseases it appears to be necessary for the virus 
to come into contact with living cell plasma. Unbroken cell membranes ordinarily 
oppose its passage, though there have been successful infections when a virus 
suspension of tobacco mosaic or of potato virus ‘ X ' is sprayed on the surface of 
the leaf; these two viruses are readily transmitted by contact, as for instance 
when leaves of healthy and diseased plants are blown together by the wind, and 
it is difficult to exclude the possibility of infection through broken hairs or other 
surface micro-lesions, though the experiments indicate that stomatal infection is 
involved. 

Natural infection by direct transmission of the infective agent through the air, 
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as in most fungal and some bacterial diseases, has not been found in the viruses 
except in the very aberrant tobacco necrosis virus which has been recovered from 
the air and water in infected glass-houses and reaches the roots of the host plants 
through the soil when every other source of contamination but air or water has been 
excluded. This virus enters the roots through broken root hairs and other natural 
injuries and will not penetrate roots growing in contaminated water cultures 
unless these are wounded. Transmission through the soil also occurs in the 
wheat rosette virus in the United States, while the virus of ordinary tobacco 
mosaic survives in the debris in or on the soil from a diseased tobacco crop, and 
infection from this source is the most important cause of the disease in certain 
areas on land on which an infected crop was grown the previous year ; it has 
even been stated that this virus can persist in soil from one season to the next 
after being leached out of the infected tissues 

In tobacco and tomato mosaic, natural infection frequently results from the 
handling of healthy after diseased plants, as in the operations of topping and 
priming of the crop, the hands of the workers becoming contaminated by the 
infective juice from the already diseased plants. Tobacco mosaic virus also 
survives for years in manufactured tobacco, and it has been proved that not only 
the fingers of smokers of infective tobacco but also the sputum from those who 
chew the tobacco, can, and often do, infect the crop. This virus is intensely in- 
fective, successful inoculation having been accomplished by cutting with sterile 
scissors the hairs on infected leaves without injury to the cells below and using 
the scissors thus contaminated to cut hairs on a healthy leaf ; even at a dilution 
of one part in a million it is still infective. It is also extraordinarily resistant to 
drying and putrefaction, some virulence having been found still persisting in 
1937 in tobacco cured in 1882, while bottled juice that had undergone putrefaction 
remained highly infective after fifteen months. Tests in 1940 of crushed mosaic 
tobacco leaves kept since 1925 in water in flasks gave only a very small number 
of successful infections, but similar material to which the preservatives benzene 
or xylene had been added caused 30 to 40 per cent, of the number of infections 
caused by a fresh extract. The inactivation of tobacco mosaic virus caused by 
the growth of aerobic micro-organsims is much greater than that caused by 
anaerobes. 

Evidently it is difficult to avoid contamination of the crop with a virus such as 
tobacco mosaic, and both it and tomato streak have been found to be transmitted 
to healthy tomato plants on pruning knives, as has also sugar-cane mosaic on the 
knives used for cutting the setts. Fortunately there are not many viruses with 
such properties, and many lose their power to infect quite soon after removal from 
the living host ; tomato spotted wilt survives in expressed sap only for about 
four hours and cannot stand drying. Natural spread by mechanical means can be 
of little practical importance in most virus diseases, for it is usually necessary to 
inoculate by needle-pricks or through surfaces abraded by carborundum and the 
like to ensure successful infection. 

The transmission of plant viruses by insects is of far greater importance than 
the methods already mentioned and accounts for the natural spread of the great 
majority of these diseases ; in a recent list 70 plant viruses are stated to be so 
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transmitted. Most of the insects concerned are leaf suckers of the order 
Hemiptera, a few are leaf abraders of the order Thysanoptera, There is a small 
number of cases of transmission by leaf-eating insects such as grasshoppers and 
Diabrotica beetles and one or two by mites {Arachnida). Amongst the Hemiptera, 
aphides, leaf hoppers, and white-flies are the chief vectors, but there are a few 
plant bugs {Heteroptera), In closely allied species, one may be a successful vector 
while another fails even though it may be able to pick up the virus. It is of interest 
to note that some viruses are rendered inactive if ingested or passed into the blood 
of non-vector insects and that even in the vector itself there is evidence that the 
virus may come into contact during feeding with some inactivating substance 
(e.g. a digestive enzyme), for it has been found that the insect can retain the virus 
longer when fasting than when allowed to feed. 

Aphides are the most important vectors, both from the number of viruses 
they transmit and their prevalence. Some aphides can transmit several viruses, 
the peach aphis Myzus per sic ae more than twenty ; conversely, some virus diseases 
can be transmitted by more than one species of aphis, yellow dwarf of onions by 
more than fifty. Leaf hoppers are responsible for the spread of several major 
diseases in overseas countries — curly top of sugar-beet, celery, aster, and peach 
yellows, rice dwarf, maize streak, Fiji disease of sugar-cane. White-flies transmit 


cotton and tobacco leaf curl and 
cassava mosaic. The chief disease 
in the British Isles transmitted by 
insects other than greenflies is the 
spotted wilt of tomatoes and many 
other plants, of which the local 
vector is the Thysanopterous Thrips 
tahaci. The plant bug Piesma 
quadrata is the vector of sugar-beet 
crinkle in Europe. 

The leaf-sucking insects feed by 
a long and delicate stylet apparatus 
or beak which not only serves to 
suck up the leaf juices but also 
to inject saliva through a second 
channel along the passage forced 
through the tissues ; this often 
reaches the phloem (Fig. 172). It 
is generally assumed that the infect- 
ive agent sucked up with the juice 
into the insect is eventually passed 
into the new host with the saliva, 
though difflculties in accepting this 
view have been pointed out. A so- 
called ‘ incubation ’ or latent period 
in the insect between the time of 
ingestion of the virus and its suc- 



Fig. 172. — Stylet of Eutettix tenellus showing the 
relation to the tissues of the beet petiole, during 
feeding, in sugar-beet infection with curly top 
virus ( X 180) (after Bennett, J, Agric. Res.) 
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cessful transmission to a new host is found in a group of virus diseases, especially 
those transmitted by leaf hoppers and thrips, but including a few that are 
aphis-borne. The latent period may be nine days or more in Eutettix tenellus, 
Macrosteles divisus {Cicadula sexnotata)^ and Macropsis trimacidata^ the vectors, 
respectively, of sugar-beet curly top, aster yellows, and peach yellows. All the 
evidence available indicates that, at least in the group showing this latent period, 
the virus must pass from the intestine into the blood. Whether it multiplies in the 
insect is still in doubt. On the one hand there arc experiments indicating that the 
aster yellows virus can multiply at least a hundredfold in the body of its vector, 
and it has also been thought that sugar-beet curly top virus increases in Eutettix^ 
though, if there is an increase, it is not sufficient to maintain for long the amount 
originally picked up from the plant. On the other hand, the delayed ability to 
transmit these diseases may be explicable on a quantitative basis, the amount of 
virus that the insect can pass out into the plant increasing with time until a quantity 
sufficient to cause infection is reached ; the length of time the vectors remain 
infective has been shown to depend directly on the period during which they had 
previously fed on the diseased plant. 

In a second and much larger group of virus diseases, including most of those 
transmitted by aphides, the insect becomes infective immediately after feeding, 
and there is no evidence of multiplication of the virus in the vector. In such cases 
there is obviously a possibility that the insect serves as a merely mechanical instru- 
ment of transmission, similar to a needle. It has been found, however, that 
aphides that have had a preliminary period of fasting are more highly infective 
than those that are allowed to feed, and can transmit infection to a series of plants, 
while those that have fed freely usually fail to infect more than a single plant. 
It seems evident that the virus has to be taken into the insect even in this group. 
No evidence has been obtained so far that any plant virus undergoes a necessary 
part of its development in the insect, as the malarial parasite does in the mosquito. 

The power to transmit a virus is not equally possessed by all individuals of 
the vector species. %The most interesting cases are those in which ability and 
inability to transmit are inherited characters following a simple Mendelian rule, 
as in Cicadulina mbila, the vector of maize streak. Uninfective C, mbila may 
be made infective by releasing the gut contents into the blood by puncturing the 
intestinal wall after feeding on a diseased plant. A similar case is known in the 
mosquito vector, Aedes aegyptiy of the animal virus disease, equine encephalo- 
myelitis. In a few cases the virus cannot be taken up by adult insects but only 
while they are still nymphs (the thrips vectors of spotted wilt), while the exact oppo- 
site has been reported in the transmission of beet crinkle by Piesma quadrata. 
The virus of rice dwarf passes from the mother to her offspring in Nephotettix 
apicaliSy so that this leaf hopper can be a vector even when it has never fed on a 
diseased plant. 

Ability to act as a vector is clearly not a simple matter. So also the relations 
between the virus and its host plant are complex. The production of local necrotic 
lesions instead of systemic invasion is well known amongst the hosts of many 
viruses ; both types may sometimes be found in different varieties of a single 
host, such as the potato. These local necroses preventing systemic spread seem 
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to be examples of hypersensitivity similar to that y/ , i . 

to which many plants owe immunity from rusts. \ / 

Sometimes all attempts to inoculate by needle pricks 7 'ftP ' I 

fail, whereas the stylet of the vector succeeds; this ‘Vr 

may be due to the slight injury caused to the cells I r \\\ \\ 

by the latter as compared with a needle, for the 

needle has been successfully used to inoculate the W///V V 

vector of maize streak but not the plant. It is 

possible that the enzymes present in the vector’s 

saliva or in the plant cells of the host may play a ^ 

significant part in the process of infection as they A 

do in infection by parasitic fungi, but there is as \ 

yet little evidence of this. With some viruses only nr 

young leaves can be successfully infected by the (l(iirr 1 ' 

insect (c.g. cassava mosaic), in others there is a // 

gradient of susceptibility between leaves at different f 

heights on the plant, as in tobacco mosaic. It seems \ ) | 1 / A ^ ^ 

evident that the behaviour of viruses as infective f /v 

agents is governed largely by physiological factors, ^ 

and that, as with fungi, successful infection is a ^ 

, ,, , , ... rr . U 3 - — Transmission by graft- 

dehcate process dependent on conditions affecting jng. * Breaking ’ m tuhps (see 

host, vector, and parasite. also Fig. 409). A, section 

Transmission by grafting (Fig. .73) succeeds 
in all cases in which full organic union can be flowering bulbs for next year ; 

secured between a diseased and healthy susceptible 3 » offset, which has produced 

host. It is the only method known in a few cases, Vwe'rinTshootV 1 ’. 

the number of which is decreasing as their insect bulb base which will disin- 

vectors are discovered. tegrate when the bulbs npen. 

rr. • • 1 1-1 • 1 By a plugged bulb and lateral 

Transmission through seed is known in bean, showing a plug of tissue from 

tffover, cucumber, lettuce, and other mosaic diseases. an infected bulb ; the plugs are 

It cannot occur where the virus is restricted to the covered ^^th paraffin wax 

, . • r finally with Canada balsam. C, 

phloem, as there is no vascular connection from two bulbs grafted together, 

mother plant to embryo. In all cases of seed trans- kepj; together by tying with 

mission that have been adequately investigated, the 
virus has also been found in the pollen. External 

contamination of the seed may be responsible for infection of the cotyledons and 
other parts of the germinating seedling, and from the practical point of view may 
be as important as true seed transmission. Of much greater practical importance, 
however, is the spread of infection by the use of diseased tubers, bulbs, roots, 
suckers, grafts, and the like in plants that are propagated vegetatively. 

The movement of the virus within the plant may be restricted to the phloem 
as in sugar-beet curly top, or may be independent of the vascular tissues. Move- 
ment in the phloem may be very fast, the curly top virus having been found 15 cm. 
down a sugar-beet seedling leaf 6 minutes after the vector was placed on the leaif, 
and maize streak virus 40 cm. down, 2 hours after feeding commenced. Tobacco 
mosaic virus, on the other hand, shows little movement for 2 to 4 days in super- 


173. — Transmission by graft- 
ing. ‘ Breaking ’ in tulips (see 
also Fig. 409). Ay section 
through tulip plant, immedi- 
ately after flowering : 1,2, 

flowering bulbs for next year ; 
3, offset, which has produced 
a leaf ; 4, dormant offset ; 5, 
base of flowering shoot ; 6, 

bulb base which will disin- 
tegrate when the bulbs ripen. 
By a plugged bulb and lateral 
showing a plug of tissue from 
an infected bulb ; the plugs are 
covered with paraffin wax and 
finally with Canada balsam. C, 
two bulbs grafted together, 
kept together by tying with 
raffia (after Cayley, Ann. App. 
Biol.) 
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ficial inoculations but then passes 
rapidly from the inoculated leaf 
towards the root and top of the 
plant ; a distance of 7 inches was 
traversed in i hour in some tests 
on tomatoes (Fig. 174). In the 
rapid movement, lateral organs 
such as leaves and fruit trusses 
may be missed for a time. It is 
believed that the virus on inocula- 


^ tion moves slowly from cell to cell 

XsM. through the plasmodesms until it 

reaches the phloem, in which it 
tJ'^vels fast. In cowpeas inocu- 
r'C^ latcd with tobacco necrosis virus 

it took 12 days for movement to 
441 ^ become rapid and 48 hours later the 
^ distance traversed was doubled. 

— — ^ !!^ In passing across a leaf from one 

epidermis to the other, tobacco 

Fig 174 — Movement of tobacco mosaic virus within mosaic virus travelled only 7 or 8 /x 
the plant Diagram to show the progress of the an hour. The rapid rate of virus 

spread of mosaic (m black) through a medium ^lOVement through the phloem is 
young tomato plant ; based on tests of Dwarf . • iT • 1 

Champion tomato plants about 1 5 in high, growing harmony With what IS known 
in 6-in. pots, in an unheated green-house ; inocu- regarding the movement of Solutes 
lated leaflet shaded (after Samuel, Ann. App. Btol) through this tissue. 

The incubation period of plant virus diseases, that is, the time elapsing between 
inoculaton and the first appearance of symptoms, is very variable but is some- 
times longer than that known in any fungal or bacterial disease. The shortest 
period that has been recorded appears to be 18 hours for the tobacco necrosis 
virus. At the other extreme is apple mosaic on certain hosts, since 20 to 27 months 
elapsed before symptoms appeared in inoculated roses 6 inches below the point 
of inoculation. The earliest symptoms of ‘ yellows ’ in peaches infected by means 
of Macropsis trimaculata appeared in one set of recorded experiments in from 
14 to 268 (average 147) days, but when transmitted by budding the first symptoms 
may take 2 or 3 years to appear. In the ‘ phony peach ’ disease the incubation 
period is about 18 months, and in ‘sandalwood spike* 7 months under natural 
conditions and 4I months in artificial inoculations. 

Some viruses are localised in particular parts of the plant. The most striking 
example of this is the virus causing ‘ phony ’ peach disease in the United States 
which is found only in the roots and is not transmissible by sap or any known 
insect vector. It has been successfully transmitted only by root-grafting ; al- 
though a healthy scion grafted on a diseased stock will show symptoms, it will 
not infect another tree if grafted or budded into it. Though some toxic principle 
is carried up from the roots, causing serious dwarfing and crop reduction, this 
cannot be the virus itself or it would be transmissible by above-ground grafts. 
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The tobacco necrosis virus is also present ordinarily only in the roots, though it 
sometimes becomes systemic and can be naturally or artificially inoculated into 
the leaves to produce local lesions. Several viruses occur mainly in the phloem, 
the sugar-beet curly top virus so much so that the other tissues seem to be actually 
toxic to it. A very few, of which the phony peach virus is the best example, are 
apparently restricted to the parenchyma, but the majority, including all the simple 
mosaics, are found both in phloem and parenchyma. The chief vector of maize 
streak, Cidcaulina mbila, can pick up the virus and remain infective for 9 weeks 
after feeding for only 15 seconds, much too short a time for the stylets to have 
reached the phloem where the insect normally feeds. Several viruses travel so 
slowly to distant parts of the plant that it may be a considerable time before all 
parts are reached. In sugar-cane mosaic healthy tillers can be found at the base 
of diseased plants, and in potato leaf roll the harvesting of the tubers intended 
for seed while still immature has been advocated as a means of reducing loss from 
this disease. 


Influence of the Environment on Viruses and Virus Diseases 

As in diseases caused by fungi or bacteria, temperature and other weather 
conditions may influence the incubation period, course, and effect of virus diseases. 
The viruses themselves are often more resistant to heat than are fungi, an extreme 
case being that of tobacco necrosis which has a thermal death point (10 minutes) 
at 90° to 92° C. but can withstand dry heat at 100° C. for 15 minutes. This 
virus is also very resistant to chemicals and retains virulence after 6 months in 
absolute alcohol, while the beet curly top virus resists i in 50 mercuric chloride, 
I in 25 carbolic acid, and i in 200 copper sulphate. Another resistant virus 
is that of ordinary tobacco mosaic which will stand 10 minutes at 93® C. though 
only I minute at 96° ; it can also endure long exposure to mercuric chloride at 
germicidal concentrations. In the cured leaf this virus required 10 hours at 
100° C. dry heat for complete inactivation. Potato virus ‘ Y ’ is inactivated by 10 
minutes at 52° C. and by 75 per cent, alcohol, while tomato spotted wilt virus 
is even less resistant to heat. Ultra-violet light destroys viruses more slowly than 
bacteria or even bacterial spores. 

In early experiments the incubation period of tobacco mosaic was shortest 
at 28° to 30° C., the development of symptoms being slowed down by lower 
temperatures proportionately to the growth of the plant ; little or no symptoms 
appear at temperatures that check gro'wth or if the plants are kept at high tempera- 
tures such as 36"" or 37° for a fortnight. The incubation period for this disease 
was found in New Jersey to be 4 or 5 days in June and July as compared with 6 
or 7 in December and January. Even severely infected mosaic tomato plants 
were noted as early as 1917 to have the symptoms completely masked at an average 
air temperature of 85® F. Similarly it was reported from Canada in 1921 that 
the symptoms and loss of potatoes affected by mosaic or leaf roll might be sup- 
pressed in the dry warm summer climate of the western areas, and this climatic 
effect has since been fully confirmed, e.g. in Kansas where mosaic, though com- 
pletely masked, may seriously reduce the yield Light, soil temperature, 
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and soil moisture have little effect on the foliage symptoms of potato virus diseases, 
but an air temperature of 25° C. is sufficient to mask most of them ; yellow dwarf 
differs from the others tested in the United States in being very severe at 25° but 
masked at 15°. The yellow edge disease of strawberries (p. 786) is difficult to 
diagnose at certain seasons, the symptoms being most evident in the south of 
England in late autumn, though severe cases can be recognised from June onwards ; 
the temperature does not usually rise sufficiently for clear symptoms to appear 
before June, but even then the soil may be too dry to allow them to develop, since 
there seems to be a close correlation between symptom expression and soil moisture. 
In the control of this disease by roguing it is necessary to take into account the 
weather during the previous week or two and select periods likely to allow symp- 
toms to be clearly seen. 

The effect on virus diseases of the nutrition of the host has not been as ex- 
tensively investigated as in other types of disease. The information available, 
however, suggests that a balanced nutrition is as important in reducing the losses 
they cause as in those due to fungi or bacteria. Susceptibility to yellow tobacco 
mosaic can be influenced by the level of supply of nitrogen, phosphorus, or potash, 
the phosphorus effect being related to the rate of growth of the host. With nitro- 
gen or potash, however, some other factor seems to be concerned The 

influence of nutrition on the concentration of the virus in the tissues is shown by 
the fact that high nitrogen feeding can increase the concentration of tobacco mosaic 
in the cells to about five times that in normally fed plants, while 8 days after 
inoculation the juice from plants receiving high doses of nitrogen may contain 
twelve times more virus than that from low nitrogen cultures. 

^ The ecological relationships of the insect vectors are even more important 
in the incidence of virus diseases than the effects of climate on the diseases them- 
selves. They have been most fully studied in the aphis vectors of potato virus 
diseases and the leaf hopper that transmits sugar-beet curly top. In North Wales 
cool, damp windy areas occur near the coast in which potatoes have been grown 
for long periods without degeneration. The initial infection of the crop each year 
has been traced to the migration to it in early summer of winged Myzus persicae^ 
the principal vector of the diseases causing degeneration, chiefly leaf roll in the 
area in question. These aphides over-winter in the wingless form on winter crops 
of savoy cabbage, kale, and other brassicas which, as already mentioned, may be 
symptomless carriers of leaf roll. A certain number of the winged aphides 
migrating from brassicas to potato fields may contain the virus, and each serves 
as a focus of infection, while bthers settle on potatoes infected by way of the tubers 
from the previous crop and so pick up the virus. Migration of the winged form 
occurs almost exclusively when the temperature reaches 65° to 70® F., when the 
relative humidity is below 70 to 80 per cent., and the wind velocity is less than 
3 or 4 miles an hour, ^l^nder these conditions the insects will readily find their 
way to potatoes from brassicas at least a quarter of a mile away and then move 
actively in the potato crop from plant to plant and field to field ; the plant-to- 
plant spread within a field, however, is mainly effected later by the crawling 
wingless form. In North Wales this period of active spread of leaf roll is usually 
between late June and the end of August. Where degeneration is rapid, the 
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infestation may reach 500 to 1,000 aphides per 100 potato leaves, whereas in the 
good seed areas not more than 20 may be found. Counts over a number of years 
have shown that infestation varies greatly from year to year, and there is evidence 
that the percentage of virus infection in the potatoes may be correlated with the 
intensity of infestation by Myzus persicae in preceding years. The time of the 
flight of the aphides is also important, for a small amount of infestation brought 
in early in the season might be spread considerably by wingless forms, whereas 
later there is less time for this to happen before harvest. Almost the same degrees 
of temperature, humidity, and wind govern the migration of winged forms of the 
strawberry aphis, Capitophorus fragariaCy that transmits yellow edge and crinkle 
of strawberries in south-eastern England. This aphis is able to find and colonise 
even isolated strawberry plants at least 400 yards away. Its winged generation 
is active for short periods in May and June, when extensive spread of the viruses 
takes place. 

Similarly with sugar-beet curly top in the western United States the virus, 
which has a host range (up to 1939) of 75 species of plants in 48 genera of 18 
families, is brought into the crop by the spring generation of the leaf hopper 
vector which migrates from the weeds and bushes of the arid uncultivated plains 
and foothills as they dry up. Both the magnitude of the migration and the per- 
centage of individuals that harbour the virus vary greatly from year to year. 
In one area it has been found that when November rain allowed early vegetation 
in the dry zone, the spring migrants had from 16 to 42 per cent, of infection, 
whereas in seasons of late rains (December or January) only 2 to 6 per cent, carried 
the virus. In southern Idaho the percentage of infected spring-brood Eutettix 
was found to vary from 4 to 67 in different years ; sometimes the virus over- 
winters in living leaf hoppers, sometimes in susceptible desert vegetation {Sophia^ 
Salsola, and the like), sometimes in the cultivated districts. In eleven years there 
were six of relatively late leaf-hopper movement (from the 4th June) and high 
yields, whereas in the five years when migration was on or before the 24th May 
the yields were low because of early infection of the crop ; by harvest time prac- 
tically all the leaf hoppers on beet contain the virus. 

It is scarcely necessary to mention that the area of distribution of the vector 
may determine the distribution of a virus disease. This is well illustrated by 
peach yellows which coincides roughly in the United States with its vector, the 
plum leaf hopper Macropsis trimaculata. 

Virus Strains : Variants 

A character possessed by ‘viruses which brings them closer to the organic 
than to the inorganic world is the occurrence within a single virus of strains 
differing from one another in physical characters, the symptoms they cause, 
and virulence. Strain differences have been most fully studied in the potato 
mosaic virus ‘ X ’ and that of ordinary tobacco mosaic but they are marked in 
cucumber, sugar-cane, and many other viruses. 

Experiments at Cambridge reported in 1933 showed the inoculation into 
tobacco of potato virus ‘ X ^ did not always result in the same symptoms. When 

K 



278 GENERAL PRINCIPLES pt. i 

the virus was taken from the green and the yellow areas and from necrotic rings 
respectively, on the leaf, three strains could be differentiated. About the same 
time the discovery was made in the United States that the yellow form of tobacco 
mosaic, previously thought to be due to a distinct virus (tobacco virus ‘ 6 ’ of 
J. Johnson), sometimes arises spontaneously in plants inoculated with the ordinary 
form and that ordinary tobacco mosaic contains many strains. Three of these 
strains cause the well-known mild, aucuba, and distorting mosaics of the tomato in 
England. 

The term ‘ mutant ’ has been applied to strains appearing spontaneously or 
produced by heat, irradiation, and the like, but since there is doubt whether the 
viruses are organisms it is better to adopt the term ‘ variant ’ used by some authors. 
The variants recognised by virus workers agree with mutants in being permanent 
departures from the parent type, though, like mutants, they can throw further 
variants or possibly revert to the parent type. Some of the variants of tobacco 
mosaic differ remarkably in the symptoms they cause (ring and necrotic spots, 
filiform leaves, and in their virulence, rate of movement in the plant, and other 
properties. The same is true for potato virus ‘ X ’ ; its variants may appear 
spontaneously or be induced by passage through other hosts, sometimes being 
so weak as almost to become latent and without symptoms. The ‘ X ^ variants 
studied in England tended towards reduced virulence, but some of those found 
in Germany caused much more severe symptoms when inoculated into tobacco 
than the parent form. 

By exposure to X- and gamma-rays, variants of the purified tobacco mosaic 
virus have been produced with distinct chemical and biological properties. The 
former seem to be due to changes in the nucleic acid part of the virus molecule, 
not greatly affecting the molecular weight but causing different solubility and 
hydration relationships, and in some cases an increased tendency to polymerisation. 
The biological changes are marked not only by differences in symptoms in tobacco 
but by a delayed incubation period and sometimes an increase in the number of 
local lesions produced by a given quantity on leaves of Datura stramonium or 
Nicotiana glutinosa ; this last may be due to an accretion of virulence (fewer 
molecules being required to produce a lesion) or to multiplication of the virus 
particles, or to disaggregation of the purified rod-shaped paracrystals into the 
smaller units of which they are composed. Unfortunately no way of proving that 
a single lesion is caused by a single particle of virus has been found, as can be 
done with single bacteria or fungal spores, and formal proof that all these types 
of variant are due to processes akin to mutation or saltation, and not merely to 
the separation of two or more unit particles, is lacking though the presumptive 
evidence for it is strong. 


Resistance and Susceptibility 

The cultivation of resistant varieties of crop plants has not proved as yet to 
be such a potent weapon in the fight against virus diseases, with certain notable 
exceptions, as it has in combating diseases due to fungi. Natural resistance 
against potato leaf roll and tobacco mosaic is rare, and without field evidence of 
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its occurrence in these old-standing diseases the search for resistance was long 
delayed. 

In their efforts to control the destructive sugar-cane virus disease ‘ sereh ’ in 
Java, the often-told story of which is one of the brightest chapters in phytopatho- 
logical history, Dutch workers had a certain measure of early success in crosses 
between thick or ‘ noble ’ varieties of Saccharum officinarum and the thin Indian 
variety Chunnee of the species S. barberi. Some of these proved tolerant also 
of mosaic, yielding almost as heavily when infected as when healthy, and their 
use, especially the P.O J. variety ‘ 213 ' introduced into cultivation there in 1917, 
saved the cane-growing industry in Tucuman, Argentine, from imminent extinc- 
tion. In high temperatures, however, these varieties tend to lose their tolerance. 
Later crosses of S. officinarum with Kassoer, a presumed hybrid between it and the 
mosaic-immune wild species S. spontaneum, yielded forms such as the P.O, J. ‘ 2,700 * 
and ‘ 2,800 ’ series which proved highly resistant to mosaic and in some cases to 
sereh. These rapidly spread throughout the tropics. In other countries also 
varieties resistant to mosaic were bred ; in the West Indies crosses between the 
resistant Java canes and the rich susceptible canes bred in Barbados have proved 
that resistance amounting to field immunity occurs when only one-eighth or one- 
sixteenth of the ‘ wild blood ’ of S. spontaneum is present, and in Java itself the 
replacement of the older varieties by P.O.J. ‘ 2,878 ' reduced sereh and mosaic to 
practical insignificance before 1928. For a time other countries fought mosaic 
by growing the naturally resistant Uba and other sinense varieties, but by 1931 
most of the world’s supply of cane sugar was derived from varieties containing 
the Kassoer wild ‘ blood Several of the best of these varieties are also practically 
immune from a third virus disease, streak, in Natal, though curiously enough not 
in Egypt, while in Queensland their high susceptibility to F'iji disease and downy 
mildew {Sclerospora sacchari) has caused them to be barred where these diseases 
are prevalent. 

The sugar-cane mosaic virus does not rapidly nor easily become systemic ; 
varieties may resist it or tolerate it and even recover so completely that it becomes 
impossible to transmit the disease to healthy canes. In Louisiana the varieties 
tested have been grouped into those that readily take and retain mosaic infection, 
those that take it with difficulty but retain it, and those that take it with difficulty 
and readily throw it off. A further complication is introduced by the occurrence 
of strains of the virus, some of which infect varieties that resist others. Thus, a 
virulent yellow strain, first seen in 1933, caused heavy losses in practically all the 
commercially important varieties of cane then cultivated in Louisiana, including 
those that had previously withstood the disease. Furthermore, some of the im- 
proved varieties tested in Louisiana have shown so great a susceptibility to fungal 
diseases that they have had to be discarded. These difficulties have led to the 
establishment in recent years of an elaborate system of testing varieties before 
release for cultivation, and illustrate in striking fashion how complicated crop 
breeding for disease resistance can be. 

In the breeding of potatoes for virus resistance a notable advance has recently 
been made at the research station of the Scottish Society for Research in Plant 
Breeding at Corstorphine. It was found that certain varieties which react to 
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infection by the ubiquitous ‘ X ’ virus by a lethal necrosis of the green shoots are 
ordinarily free from the disease in the field, presumably because infected plants 
are killed off. The same happens with the ‘ A ’ virus. King Edward and Epicure 
crops are thus freed from both these viruses, other varieties reacting in the same 
way to one or the other or to the less important ‘ B ' and ‘ C ' viruses. The breeding 
programme was adjusted to combine lethal reaction to all these in one variety, and 
already Craig's Defiance, which is intolerant of ‘ A ', ‘ B ', ‘ C ', and ‘ X ', has 
been produced, 'i^he analogy between this and the use of the hypersensitive 
reaction in breeding against cereal rusts is clear. True resistance to the ‘ X ' 
virus has been obtained in the United States in a seedling ‘ S 41,956 ’, while another 
seedling variety Katahdin (‘ S 42,667 ') shows field resistance to ‘ A ' and to some 
extent to ‘ Y ' but is susceptible to ‘ X Attempts are now in progress to combine 
resistance to ‘ X ' and ‘ A ', the two viruses important as constituents of mild 
mosaic in America. 

Resistance to tobacco mosaic may be the result of hypersensitivity marked 
by the production of localised necrotic lesions as in the species Nicotiana glutinosay 
or the virus may become systemic but causes few symptoms and little damage, 
as in certain Colombian varieties of A. tabacum of which Ambalema is the best 
known. Both these types have been used in breeding mosaic-resistant commercial 
tobaccos. The factor causing the local-lesion reaction has been transferred to 
N. tabacum type plants both in the United States and in Russia, but the most 
recent American report does not speak well of them Crosses of Ambalema 
with good commercial types have been under test in the United States since about 
1936 and are giving excellent promise as regards immunity, growth type, and 
quality. In Rhodesia, while Ambalema showed no trace of mosaic on inoculation, 
the progeny of some of its crosses with good susceptible varieties were extensively 
infected, though they outgrew the disease to a considerable extent. 

The strawberry yellow-edge disease which is responsible for much of the 
deterioration of the British crop that has been marked in recent years, causes 
little obvious signs of infection in certain varieties, largely of Continental origin ; 
most of these, however, are carriers of the virus. Of the two parents of the cul- 
tivated strawberry, Fragaria virginiana and F, chiloensis, the former is highly 
susceptible and shows the symptoms readily and continuously, while the latter 
is highly tolerant and usually behaves as a symptomless carrier ; the commercial 
hybrids probably react largely according to the degree to which these two parents 
are represented. The woodland strawberry F, vesca resembles F, virginiana 
in its reaction and serves as a useful indicator plant for revealing masked infection. 
Breeding against yellow edge and the crinkle-virus disease which usually accom- 
panies it cannot with safety, on present knowledge, be directed to the production 
of carrier varieties, for it has been reported that they may suffer progressive 
deterioration (the crop being vegetatively propagated) and eventually ‘ run out ’ 
like such fully susqpptible varieties as Royal Sovereign. For the time being, there- 
fore, control is being attempted by the development of virus-free clonal stocks of 
these fully susceptible varieties and their maintenance under nursery conditions by 
roguing and the control of the aphis vector, Capitiphorus {Pentatrichopus) fragariae. 
In the United States the production of virus-resistant crops has reached the 
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Stage of commercial development in curly top resistant sugar-beet as a result of 
prolonged work by the Federal authorities. In 1937 the resistant U.S. ‘ 12 ' variety 
gave 12*6 tons per acre in test plots in Idaho against 0*64 ton for susceptible 
varieties, aad this variety showed high resistance also in California in three-years* 
tests reported in 1938. Resistance to the same virus and to common bean mosaic 
has been developed in selections of the small red Mexican variety of Phaseoliis 
vulgaris in Idaho so as to give field immunity from these diseases. In New Zealand 
a number of varieties of garden and field peas have shown high resistance to the 
common pea mosaic virus and their improvement is in progress. 

Though the examples cited indicate that breeding for virus resistance is as 
yet in its infancy and shows more promise than achievement except in sugar-cane, 
one of the most striking instances of control of a plant disease in the course of a 
very few years by the selection of resistant strains is afforded by the leaf-curl 
virus disease of cotton in the Sudan. Leaf curl was first seen in the Gczira in 
1923, and within ten years was present in every field in the 200,000 acres of irrigated 
cotton in this area, often causing 100 per cent, infection and at times almost com- 
plete loss of crop. Individual plants of the Sakel variety of Gossypium barbadensBy 
chiefly grown in the Gezira, showed marked resistance to leaf curl ; two selections 
from these, X ‘ 1,530 * and X ‘ 1,730 *, which had only 3 and 2 per cent, of leaf curl 
respectively, in a test in which the main crop showed 91-5 per cent., proved suitable 
for cultivation and mOvSt of the area was sown with them, especially the latter, 
within a few years. By 1938 leaf curl had been reduced to negligible proportions, 
though late attacks were still seen. Strains of the virus seem to exist, and there 
has been some recrudescence of severe infection possibly due to this cause in the 
last couple of years ; there are now, however, no grounds for the fears expressed 
when the epidemic was at its height, that leaf curl would render uneconomic the 
cultivation of the valuable G. barbadense cottons in this important area. 

The genetical bases of reaction to virus diseases have been determined in some 
plants. Separate dominant genes seem to be responsible for the lethal necrotic 
reaction to potato viruses ‘ A ‘ B ‘ C *, and ‘ X * mentioned above ; the resist- 
ance to ‘ X * of the U.S. Seedling ‘ 41,956 * has been determined to be due to two 
necessary cumulative dominant factors. The resistance to tobacco mosaic of 
Colombian varieties of Nicotiana tabacuniy including Ambalema, is due to two 
necessary recessive genes, and the local necrotic reaction of N. glutinosa, chillis, 
and Browallia speciosa to this virus depends on a dominant gene ; modifying 
factors have been found to influence the results in most of the crosses studied. 
Resistance to lucerne mosaic in some of the varieties of Phaseolus vulgaris has 
been found to be due to duplicate dominant genes. 

As mentioned in an earlier chapter, a method of inducing immunity in virus- 
susceptible plants was reported from Java in 1931 ; tobacco infected with the 
common green mosaic virus could not then become infected by the whitish-yellow 
strain, and vice versa. Independent investigations at Cambridge reported in 1933 
showed that the same result followed the inoculation of tobacco with a green and a 
yellow strain of potato virus ‘ X Subsequent work has fully confirmed the 
existence of this kind of induced immunity and has also shown that plants which 
have recovered from virus attack may remain outwardly immune from reinfection 
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with the same virus. ‘ Recovered ’ plants, however, may continue to harbour the 
virus in a latent or ' diluted ’ state though it is still fully active when tested on 
susceptible plants ; the power to resist reinfection may sometimes be capable of 
transmission from plant to plant by grafting, and it has been suggested that this 
is an example of passive immunisation. There is some evidence that the degree 
of protection given by one virus strain against a second related one is quantitatively 
proportional to the amount of the first virus present in the tissues, and it is suggested 
that in some way there is an intense competition within the plant between related 
viruses since it is only with these that acquired immunity is found. Sometimes 
the presence of a virus does not prevent the invasion of the tissues by a second 
related one but only masks or modifies its symptoms, so that there appears to 
exist a form of dominance of one strain over another ; this may be complete or 
partial or may be temporary, being replaced after a time by mixed patterns of the 
two types of symptom. When the two strains are inoculated simultaneously, 
one may become dominant or the two may act in equilibrium, and a mixed pattern 
result ; complete dominance is sometimes shown at the tip of tobacco plants 
inoculated with a mixture of two strains of ordinary tobacco mosaic, while lower 
down the symptoms of both are apparent on the same leaf. Recent work does not 
support the analogies that were earlier drawn between the immunity acquired 
by ‘ vaccinating ’ plants with weak virus strains and that conferred by vaccination 
against human and animal diseases ; there is no evidence of antibody formation 
in the plant, and the observed facts point rather to a pre-emption by one strain 
of the sites of multiplication of the second. When the two viruses are not related, 
one does not prevent the multiplication of the second. 

Nevertheless, viruses produce serological reactions when inoculated into animals 
and can induce the formation of antibodies in the animal’s serum. These anti- 
bodies, like those resulting from the presence of animal pathogens, neutralise 
the virus which caused their production and also give the precipitin reaction by 
causing a precipitate to form with sap from infected but not from healthy plants. 
The reaction is ordinarily specific and given only with related viruses, e.g. those 
which have the power of inducing immunity against one another ; a few exceptions, 
however, have been reported, as in potato viruses ‘ A * and ‘ Y ’ which are sero- 
logically related but do not confer immunity against feach other, and differ in other 
ways. Mere failure to immunise is by itself an unsafe criterion of specific differ- 
ence, since it is well known that strains exist of human and animal viruses (such 
as influenza and foot-and-mouth disease) which, while causing identical symptoms, 
afford no immunity against one another. It has been found possible to separate 
allied strains of a given virus serologically, as they can produce specific strain 
antibodies in addition to those common to all strains of the virus. The serological 
reaction sometimes affords a useful method for field identification of virus diseases. 

Another property which plant viruses share with many animal pathogens is 
that of becoming attenuated in virulence by passage through appropriate hosts. 
The sugar-beet curly top virus has been attenuated by passage through the 
nettle-leaved goosefoot {Chmopodium murale) and remained stable even after 
several generations in older sugar-beet leaves, but regained virulence in the 
chickweed (Stellaria media) and sometimes in sugar-beet cotyledons or early 
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leaves. Attenuation of potato virus ‘Y' has been observed in Schizanthus 
rettisus'y and also as a result of long cultivation in tobacco. 


Morbid Anatomy and Histology of Virus Diseases 

There is often no apparent change in the tissues and cells of virus-infected 
plants. A good many viruses, however, produce necroses in various organs, some 
produce distortion or abnormal development of organs, with or without hyperplasy 
or hypoplasy, while intracellular disturbances are not uncommonly marked by 
inhibition of plastid formation or the presence of abnormal cell inclusions. 

In many of the true mosaic diseases there is some hypoplasy in the tissues of 
the lighter green or yellow areas of the leaves, the palisade cells becoming short 
and almost isodiametric or even, in early infections, remaining undifferentiated 
from the rest of the mesophyll, and all the cells and intercellular spaces being 
smaller than usual so that the thickness of the leaf is reduced. In cotton leaf curl 
large intercellular spaces are found in the rectangular palisade tissue. 

The necrosis of the leaf blade produced by viruses which cause local lesions 
has been studied at Rothamsted in Nicotiana glutinosa inoculated by the strain 
of tobacco mosaic responsible for aucuba mosaic of the tomato in England. It 
begins by the formation of a dark-staining band between the cells of the epidermis 
and spongy parenchyma or occasionally between those of the palisade tissue, and 
extends through the leaf all around the inoculated spot. Nuclear, but not cell, 
divisions occur in the area enclosed by the band, the cells die and dry out, and the 
dark-staining material, which is very insoluble and chemically refractory, appears 
to prevent the virus from passing to cells outside the lesion. 

Three types of internal necrosis of stems have been distinguished in certain 
virus diseases of the potato. In the ‘ acronecrosis ’ or killing of the top of the plant 
which may be caused (amongst others) by potato viruses ‘ A ‘ B *, ‘ C or 
‘ X necroses develop especially towards the top of the stem, starting usually in 
the internal phloem and spreading to the adjacent parenchyma. A phellogen 
occasionally arises later in the parenchyma and tends to isolate the necrotic area 
by a ring of cork. The necrotic process begins by a thickening and separation of 
the cell walls of the primary phloem elements, the intercellular spaces thus formed 
becoming filled with a yellowish-brown gum-like substance. Similar changes 
occur in the phloem parenchyma and often cause collapse by pressure of the 
sieve-tubes and companion cells. The necrosis spreads to the xylem parenchyma 
and may even involve the vessels. Sometimes the outer phloem shows similar 
necrotic changes. The petioles are also involved, so that individual leaves are 
killed. In the tubers, necrotic patches may form like those in the stem, except 
that the cells of the storage parenchyma near the phloem are more extensively 
suberised and the necrotic areas always become eventually isolated by cork. 

In the second type, the ‘ acropetal * necrosis caused by potato virus ‘ Y 
the collenchyma in leaf veins, petioles, and stems is mainly affected, the vascular 
tissues remaining normal. Spread occurs vertically, causing streaking of the green 
parts, and also along the collenchyma around the stem. The cell walls become 
suberised and the cell contents disappear or are replaced by gummy matter. 
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The third type is characteristic of potato leaf roll, and is restricted to the 
phloem (Fig. 175). The walls of many of the primary internal and external 
phloem groups are thickened and lignified and small spaces appear between them, 
filled with a brown deposit. Eventually the phloem throughout the plant is 
affected, though the underground parts may be reached late ; a visible ‘ net necrosis ' 
due to browning of the phloem strands of the tubers occurs in some varieties. 
In severe cases pressure may destroy the elements of the primary phloem. The 
first cells to show lignification are usually those near the fibres, though occasionally 
it starts at the centre of a phloem group. 

Among other virus diseases affecting chiefly the phloem, ‘ curly top ^ of sugar- 
beet in the United States, Fiji disease of sugar-cane, and ‘ bunchy top ' of bananas 
in the East, show marked tissue abnormalities. In curly top, degeneration 
begins by hypertrophy, followed by death of some of the phloem parenchyma 
cells nearest the sieve-tubes (Fig. 176). Cells further out then divide, and a thick- 
walled hyperplastic mass of incipient sieve-tubes without sieve-plates, but some- 
times with companion cells, results. New phloem elements are still formed by 
the cambium but they consist mostly of imperfect sieve-tubes with companion 
cells and parenchyma. This parenchyma, with the pericycle, enlarges and divides 



Fig. 175. — Phloem necrosis in potato leaf roll. Infection of potato variety King Edward with 
leaf-roll virus. in the centre is a necrotic phloem group ; the cells are crushed and dis- 
torted so as to be individually indistinguishable ; the whole group is shrunken and the cells 
immediately around it are enlarged and distorted so that they appear to radiate from it • at 
the lower right-hand corner of the figure is part of a normal phloem group. B, sho^ng 
the irregular development of the secondary xylem and phloem, from the wavy band of cam- 
bium ; most of the external primary phloem groups are necrotic and consequently heavily 
stained. (Ay x 450 ; B, x 140. From hand sections of stems stained with phloroglucinoll 
(after Sheffield, Ann. App. Biol.) ^ ^ ) 
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into a callus-like tissue which may push 
up into small warts on the under surface 
of the veins, while the sieve-tubes and 
companion cells die and collapse. In 
the roots of infected beets the chromatin 
first increases, then breaks down with 
the cytoplasm. Other cells show a great 
increase in calcium oxalate and leuco- 
plasts. 

The changes in the phloem in 
bunchy top begin in the same way, but 
the hypertrophy and hyperplasia extend 
to the pericyclic fibres and ground 
parenchyma, which are largely trans- 
formed into a small-celled tissue rich in 
chlorophyll and visible as characteristic 
dark-green stripes bounding the veins. 

In Fiji disease the galls always show 
on the under side of the leaf, but whether 
they originate in the phloem or are a 
product of more generalised meriste- 
matic activity is uncertain. The prin- 
cipal feature is still a hyperplastic phloem 
with callus-like proliferating paren- 
chyma ; this gives rise to sieve-tubes 
and tracheids. 

The vein-thickening which precedes 
and accompanies the development of 
enations in leaf curl of cotton and 
tobacco results from an increase of the 
primary phloem and hyperplasia of the 
pericycle in which bundles with central 
xylem form. 

In the witches’ broom of potatoes 
in North America, elongation of the 
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Fig. 176. — Phloem necrosis. curly top of 
sugar-beet. Ontogeny of the phloem in the 
leaves. Top, diseased phloem showing 
necrotic cells n, near the centre, and hyper- 
plastic tissue surrounding the necrotic 
area ; note sieve -tubes and companion 
cells below. B, diseased phloem m later 
stages of degeneration showing secondary 
necrosis and proliferation of parenchyma 
7 vh, near the collapsed walls ; necrotic 
cells ; ppy phloem parenchyma ( x 348) 
(after Bennett, J. Ague Res.) 


shoots is due in part to unusually long intemodes, while in potato ‘ spindle tuber ’ 
the tubers are lengthened by elongation of their cells, and both in tubers and 
shoots the ratio of length to breadth of the cells is increased. * 

The small galls sometimes found in stripe disease of narcissus and daffodils 
are due to hyperplasia of the epidermal and palisade cells or sometimes merely 
to their hypertrophy. 

Enations develop usually, but not always, near the veins and surround a chlorotic 
area on the under surface of the leaf. They arise by a proliferation of the lower 
three or four cell layers, emerging as paired green leafy ridges or shallow cup-like 
protrusions. All the cells may undergo hyperplasy, until growth ceases. I’he 
fully formed enation in tobacco mosaic has two epidermal, a palisade, and four 


286 


GENERAL PRINCIPLES 


PT. I 


spongy mesophyll layers, the palisade being on the inner side in paired or cup- 
shaped outgrowths and being often continued across the bottom of the cup, while 
the outer side of the enation resembles the under surface of the leaf. On tomato 
the enations are similar but in a type associated with ‘ fern leaf ' in Italy, warts com- 
posed of two or three layers of hypertrophied epidermal cells and ridges due to 
proliferation of the mesophyll covered by a hypertrophied epidermis have been 
reported. No marked deviations from the tobacco type seem to have been recorded 
in the enations of cotton and tobacco leaf curl and pea mosaic. 

In the ‘ big bud ’ disease of tomatoes the vascular system of all the above- 
ground parts is stimulated. Interfascicular vascular tissue develops precociously 
in the stems ; the flower stalk and the elongated segment between the calyx and 
the corolla become polystelic ; and the phloem in the stem and inflorescence is 
much increased, the sieve-tubes being filled with a yellowish deposit. In the 
fruits the bundles are woody from intensification of lignification ; annular and 
spiral vessels are replaced by pitted ones. The leaf mesophyll loses differentiation 
and contains only a few small spaces ; in the petals, however, a palisade layer may 
form. The profuse development of adventitious root initials may be accompanied 
by longitudinal stem fissures exposing the inner tissues. The stem and petiole 
thickening, which may cause a remarkably bloated appearance, is due mainly to 
abnormal development, by hyperplasia of pith cells close to the internal phloem, 
of a compact tissue of small cells with a few sieve-tubes and isolated tracheids. 
The phyllody of the floral axis is extreme, even the ovary being sometimes replaced 
by small normal leaves, through the centre of which the axis may be carried by a 
process of median floral proliferation and terminate in a small shoot or a group 
of phylloid flower buds. The short, dichotomously branched apical shoot when 
thus formed may bear minute, hyaline papillae, thought to represent ovules. 
Beans infected by the virus show similar floral abnormalities 

The pallor or yellowing of green tissues found in so many virus diseases is 
due to inhibition of plastid formation and, though this seems to be less common, 
destruction of existing chloroplasts. The chlorophyll content is reduced from 
43 to 87 per cent, of the normal by different strains of tobacco mosaic virus, the 
yellow pigments carotene and xanthophyll being also proportionately reduced ; 
in the yellow strains chlorophyllase is increased. That there is no obligate relation 
between chloroplast and virus is evident from the fact that viruses have been 
propagated for long periods in isolated root-tip cultures. 

The most notable effect of some viruses upon the cell contents is the formation 
of the so-called ‘ X-bodies * or cell inclusions, which for a time were thought by 
many to be visible stages of the virus. The inclusion bodies are of two kinds, 
amorphous and crystalline ; they occur most often in the epidermis and leaf hairs 
but are also found in the ground parenchyma and the phloem. The amorphous 
X-bodies are often amoeboid, vacuolate, with mitochondria and oil drops, and 
give the usual protein reactions. They are formed from aggregations of small 
particles in the streaming cytoplasm of the cell. The crystalline bodies or * striate 
material ^ may occur in the same cells or independently. They are plate-shaped, 
fragile, colourless, and give protein reactions ; the slightest pressure causes them 
to break down into needle-like fibres. They may represent condensations of the 




Fig. 177. — Intracellular inclusions in the tobacco (Nicotiana tabacum). A, in the upper cell most 
of the protein material is contained in one irregular large mass ; a fully formed body lies apposed 
to nucleus and wall in the lower cell. B, the cell contains a granular, vacuolate inclusion 
body, a spike-like crystal, and the nucleus. C, a small glandular hair ; inclusion bodies which 
were formed in the stalk cells have crystallised. D, Solanum nodiflorum. B^al cell from hair 
of normal healthy plant ; the nucleus is suspended in the centre of the cell by a few delicate 
cytoplasmic' strands ( x 300). i?, Nicotiana tabacum. Hair cell a few days after infection with 
tobacco mosaic virus. The cytoplasm is much more conspicuous than in the normal cell 
and appears to have increased in bulk ( x 350). F, Nicotiana tabacum. Inclusion body produced 
in cell of trichome as a result of infection with Hyoscyamus HI virus ( x 300). G, Solanum 
nodiflorum. Inclusion body produced in cell of trichome on infection with aucuba mosaic 
virus ( X 300). All photomicrographs were taken from unstained living cells. By C, 
show infection with aucuba mosaic virus of tomato (after ShefSeld, Ann. App. Biol.) 
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178. — Variations tn cytoplasmic inclusions tobacco infected with tobacco mosaic virus 
a crystalline inclusion and a mass of long fibies occupy the centre of the cell B, tomato 
infected with aucuba mosaic virus , long fibres curve to form a figure of 8 C, the same , a 
spindle-shaped body appears to be an aggregation of long spindle-like fibres D, tomato 
infected with aucuba mosaic virus , an inclusion body containing amorphous material and a 
few small crystals (after Kassanis & Sheffield, Ann App Btol ) 
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virus protein, while the X-bodies are more probably reactions of the cell cytoplasm. 
Small plate-likc inclusions have also been found in the nuclei of solanaceous 
plants infected with the ‘ severe etch tobacco ’ virus ; these are more stable than the 
cytoplasmic inclusions Isometric deeply staining crystals, 0*3 to 4 ft in dia- 

meter, occur in the nuclei as well as the cytoplasm of broad beans infected with 
certain pea and bean viruses and are said closely to resemble those of severe 
etch (Figs. 177, 178). 

Losses caused by Virus Diseases 

Though the damage caused by potato ' curl ’ was widely recognised a hundred 
and fifty years ago, many virus diseases arc so insidious in their onset that the 
injury they do may not be appreciated or, more often, is attributed to other causes. 
Inhere are, however, some virus diseases that are invariably fatal : ‘ peach yellows ’ 
always kills the affected trees ; a ‘ spiked ’ sandalwood tree dies some fifteen months 
to two years after the first symptoms are seen ; ^ rosetted ' peaches nearly always 
die the following autumn or winter ; while the potato varieties that react by ‘ top 
necrosis ’ to certain viruses are usually killed off before they produce tubers. Several 
viruses cause complete loss of crop without killing the plant, as in ‘ groundnut 
rosette ’ and bunchy top of bananas. From these obvious extremes of damage, 
however, to the large group of viruses that cause only mild symptoms or even, 
in carrier varieties, none at all, every gradation can be found in the severity of the 
resulting injury. 

The annual toll taken by virus diseases from the potato crop of England and 
Wales can be assessed with considerable accuracy at not less than £ 2 , 000^000 in 
normal times. In the United States the reduction in the yield of sugar beet from 
the 763,000 acres under the crop is reckoned to have averaged over a number of 
years, about 2,000,000 tons annually. ‘ Beet yellows ’ is estimated to have caused 
losses in the sugar and fodder beet crops in Belgium of over 60,000,000 fr. in 1937. 
Louisiana is calculated to have lost sugar to the value of over 100,000,000 dollars 
from sugar-cane mosaic in the ten years from 1922, though at the beginning of that 
period there was still local doubt whether even 100 per cent, infection did much 
harm. In the Argentine, mosaic caused a progressive reduction in sugar-cane 
yields in Tucaman from the beginning of the century, reaching its climax in 1915 
when the average yield for the previous five years was only 9 tons per acre. The 
introduction of Java mosaic-tolerant canes such as P.O.J. ‘ 36 ’ and ‘ 213 \ giving 
yields of 20 to 30 tons per acre, saved the industry however, and by 1926, when 
they had completely replaced the older varieties, the province had the largest 
sugar yield (375,000 tons) in its history. 

Many virus diseases of market garden crops and fruit also cause heavy financial 
loss. ' Lettuce yellows due to infection by the ‘ aster yellows ’ virus, was recently 
estimated to have reduced the lettuce crop of New York State by an annual average 
of 5 or 6 per cent, from 1921 to 1938 ; bean mosaic caused about the same loss 
of crop in Iowa from 1924 to 1926 ; cucumber mosaic 7 to 15 per cent, in Iowa 
from 1924 to 1926 ; and 10 and 15 per cent., respectively, in Kansas and New 
York in 1928. The average loss from tomato mosaic in Utah in 1925 was 8 per cent. 
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Naturally much higher individual losses than these average figures occur 
and many have been determined in experimental tests. Sugar-cane mosaic has 
caused a loss of 8o per cent, in Hawaii and over 6o per cent, in India. In tests 
in Ireland leaf roll reduced the yield of British Queen potatoes from 9 to 3 7 tons 
per acre and of Ally from 1 1*4 to 2*7 tons. When tubers from leaf- roll plants were 
used as seed for the next crop in Wales, the losses for three consecutive years were 
55*8, 45*6, and 52-6 per cent, respectively, shewing that this disease can produce 
its maximum effect in the year after infection ; very similar figures were obtained 
in a three-years’ test in England. In the United States lettuce yellows can cause 
70 or 80 per cent, of a crop to be lost and the spotted wilt virus can destroy three- 
quarters of the yield ; soy beans can lose 30 to 75 per cent, of the beans and ordinary 
beans 50 per cent, from the mosaics of these crops. The rapid spread of bunchy 
top of bananas in New South Wales led to a falling off of the yield from 650,000 
bunches from 4,750 acres in 1922 to 91,144 bunches from 1,002 acres in 1925, 
and many growers were ruined. Early infections of tobacco mosaic can reduce 
the yield in North Carolina by 30 per cent, and the value by up to 50 per cent., 
and infection of tomato mosaic in Maryland can reduce the crop by over 50 
per cent. In glass-house experiments in England early infections of tomatoes 
with the streak virus and tobacco mosaic virus caused yield reductions exceeding 
20 per cent. Early infections with groundnut-rosette virus cause total loss ; for 
no nuts develop after infection. In a test in Canada, raspberry mosaic reduced 
the fruit yield by 28 per cent, by weight. 

Even such losses as these by no means exhaust the destructive possibilities 
of virus diseases. The record of potato varieties in Great Britain and of sugar-canes 
in Queensland, the West Indies, and elsewhere shows many instances of the dis- 
appearance from cultivation of very valuable types owing to susceptibility to some 
virus disease. * Running out ’ of the best varieties of strawberries and raspberries 
from the same cause is a present danger in Great Britain and North America. 
Even the tolerance of infection found in carriers may do no more than disguise 
this deterioration ; the 30 per cent, loss from potato virus ‘ X ’ in certain carrier 
varieties in Australia was unsuspected until revealed by tests, for the crops were 
mostly uniformly infected, while carrier varieties of strawberries may at times 
suffer as great a deterioration from latent yellow-edge virus infection, as the highly 
sensitive Royal Sovereign crop. 

Another possible additional source of loss from virus diseases is the increased 
susceptibility of virus-infected plants to bacterial and fungal diseases. While 
not as evident as the enhanced susceptibility to certain human diseases caused by 
the influenza virus, there is a rather widespread belief that potatoes are rendered 
more susceptible to blight {Phytophthora infestans) by becoming infected by 
viruses, and in Brazil a similar relation between tomato viruses and Septoria 
lycQpersici has been claimed. 

Control 

A direct attack on virus diseases by the chemical methods so extensively used 
against parasitic fungi is out of the question. Viruses cannot be reached by these 
means and, at the most, control of their insect vectors may be undertaken when 
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the economic conditions permit. Practical control of the aphis vector of straw- 
berry yellow edge and crinkle has been achieved in some cases in England by the 
use of vaporised nicotine. In commercial crops of the biennial drug plant, hen- 
bane (Hyoscyamus niger) a considerable reduction of the vector, Myzus persicae, 
was effected by weekly spraying with nicotine and soft soap during the first two 
months of vegetation in the first year. This gave a 30 per cent, increase in yield in 
the third crop, harvested during May of the second year. 

Roguing for the elimination of virus-diseased plants has had a considerable 
vogue, especially in crops propagated vegetatively such as potato, sugar-cane, 
strawberries, bananas, and the like ; it is still practised extensively where the crop 
is valuable and the amount of infection moderate. Its principal use nowadays, 
however, is in the maintenance of ‘ foundation * or nursery stocks of disease-free 
plants which can be used for the planting of the main field crop. Where insect 
vectors can be kept down fairly readily and the plants are under observation 
closely enough for early infections to be recognised, as in glasshouse cultivations, 
roguing is of much value, as it is also, obviously, where the virus is seed-borne 
or the crop is propagated vegetatively and a healthy parentage is, therefore, 
essential. 

Where the infection arises anew each year in an annual crop, success in reducing 
the source of infection by the destruction of ‘ volunteer ’ plants or out-of-season 
plantings of the crop, which may serve to carry over the disease between success- 
ive main crops, has sometimes been considerable. Much benefit resulted from 
eradicating volunteer cotton in the Sudan to reduce early attacks of leaf curl. In 
Southern Rhodesia a notice under the Tobacco Pest Suppression Act, 1933, 
prescribed the ist August as the date by which destruction of all growing tobacco 
plants is to be completed as a control measure against tobacco leaf curl ; this 
close season appears to cause the vector {Bemisia sp.) to die out In California 
the enforcement of a celery-free period in districts where western celery mosaic 
causes severe damage has been effective in raising the yield, which had fallen 
from over 1,000 half-crates per acre in 1930 to 31 1 in 1934, to an average of 1,100 
in 1939 and 1,000 in 1940 The growing of maize in the neighbourhood of 
sugar-cane fields has been discouraged for similar reasons as it is susceptible to 
sugar-cane mosaic and a favourite food plant of the insect vectors ; this ban was 
enforced by legislative action in certain areas in Barbados in 1927. 

Sometimes the eradication of weed hosts of the virus or of its insect vector 
has given good results. Destruction of the Russian thistle, Sakola kali-tenuifoliay 
on which the beet curly-top vector, Eutettix tenelluSy and the virus are largely 
maintained before passing to the crop, has effectively reduced sugar-beet curly 
top in California. Excellent results in controlling the yellowish-green mosaic 
of cucumbers in the United States, where it has many hosts, have followed the 
eradication of certain weeds, especially perennials. In England, where, however, 
this mosaic is less common in glass-houses than the mild or green-mottle mosaic 
which seems to be confined to the Cucurhitateaey the houses in which it occurs 
should be kept free from susceptible flower crops (primulas, asters, lobelias, and 
so forth) and the common bryony should not remain near cucumbers or marrows. 
With the great prevalence of the spotted wilt virus amongst ornamentals, keeping 
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the latter out of houses containing tomato seedlings is most important, while 
glass-house control in tomatoes and flower-crops alike must include elimination 
of the thrips vector from an infected house before another susceptible crop is 
grown ; thrips control out of doors, however, is difficult. 

The complete eradication of these diseases by destruction of all infected 
plants is being effectively carried out by large-scale campaigns amongst perennial 
plants. It was early advocated (with legislativ^e sanctions in some areas) for the 
control of peach yellows and rosette in the United States and later was recom- 
mended against sandalwood spike, together with the establishment of a sandalwood- 
free belt round the infected area in South India. Recently, powers have been taken 
in the Gold Coast to remove plants such as cacao from declared areas in order 
to check the spread of diseases, such as the swollen shoot virus disease of cacao, 
to uninfected areas. The object is to establish zones free from all cacao around 
the infected areas. The Psorosis Act of 1927 provides for the destruction, without 
compensation, of any citrus tree infected by psorosis within the Union of South 
Africa, together with quarantine measures against new introductions of the disease ; 
as infection may remain latent in the tree for 20 to 30 years and seldom shows 
before the trees (which are ordinarily infected by budding with diseased wood) are 
9 or TO years old, it will be long before the effectiveness of the measure can be judged. 
In 1939-40, however, only 1,468 affected trees were found in a total of 513,123 
inspected. When peach mosaic was first seen in Colorado in 1934, and California 
a year later, eradication was promptly undertaken ; in Colorado only 3,100 fresh 
cases were found in 1937, compared with 9,835 in 1936 and 30,467 in 1935, while 
in the four years from 1936 to 1939, %>355 c^^ses were found in California, 63,651 
of which were removed. The attempt to eradicate the phony peach diseavse from 
the south-eastern States is more forrwidable; during 1936 over 2,000,000 aban- 
doned and 3,500,000 ‘ escaped ’ peach trees were removed in ii States by a force 
of 2,000 men employed under the Emergency Relief measures, while altogether 
over 21,000,000 trees were inspected in 20 States and 146,072 of the 156,977 
found infected were removed. In New Zealand an attempt is being made to 
eradicate ‘ onion yellow dwarf ’ disease which was found to be confined to a small 
area in 1939. 

The progress that has been made in the breeding of crop varieties resistant to, 
or tolerant of, virus diseases has already been discussed. In the opinion of many, 
this remains the most hopeful line of attack on them. Control by ‘ vaccination * 
with a weak strain of the virus concerned, so as to induce immunity from more 
virulent strains, has been regarded as practicable by some. No satisfactory case 
of its use under field conditions seems to have been reported as yet and much 
further testing is necessary before the many risks associated with the use of such 
' live ’ vaccines can be discounted. 

A considerable measure of success has sometimes followed the adjustment of 
agronomic practices so as to reduce the prospect of infection. The most effective 
has been the alteration of the date of planting the crop so that it is too far advanced 
for serious injury by the time the insect vectors become numerous ; this has worked 
well on occasion against the curly top of sugar-beet. In Tanganyika, experiments 
show that cassava (Manihot) planted in June is less injured by mosaic than if 
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planted at other times, for the crop then passes the main period of its growth 
when the probability of infection is at its lowest. Similarly in parts of Nigeria 
the native tobacco plantings escape serious injury from leaf curl because the 
vector (Bemtsta sp.) has become scarce by the time the seedlings are transplanted. 
Late sown oats and other cereals (after the 20th May) in Siberia are not severely 
injured by the Zakooklivanie or ‘ pupation ’ virus disease, because the vector, 
Delphacodes striatella^ which over-winters in the larval stage on grass weeds 
about the cereal fields, migrates in the winged form too early to be able to dwarf 
the plants. Infection by the groundnut rosette virus in Africa has been found 
to be considerably lessened by dense planting and also where grass mulching of 
the soil is practised ; in the Gambia earlier sowings are less damaged than those 
that give young plants when the vector, Aphis lahurni, is most active in July and 
August. Possibly, as with the vectors of leaf roll of potatoes, the activity of this 
aphis is reduced by high humidity. 

The chief measure employed for the control of virus diseases of the potato 
and some other crops in the British Isles and elsewhere is the inspection and certi- 
fication of planting stock. For this purpose an elaborate organisation has been 
built up by various Government Agricultural Departments. In areas in the 
British Isles where potato seed production is important, the inspection covers 
purity to type, as well as the amount of virus infection. In Scotland, for instance, 
over 50,000 acres grown for seed are inspected annually and certificates granted 
by the Department of Agriculture of different designations according to purity and 
the percentage of virus diseases found : ‘ Stock Seed * must be 99*5 per cent, true to 
type and practically free from virus symptoms except negligible mottle ; ‘ T.S.(A) ’ 
is 99*5 per cent, pure and with not more than i per cent, total mild mosaic, 
severe mosaic, leaf roll, and ‘ wildings ’, and comprises varieties immune from 
wart disease, the corresponding non-immune grade being designated ‘ N.I.(A) ' ; 
‘ T.S.(H) ' and ^ N.I.(H) ' are 99*5 per cent, pure and with not more than 3 per 
cent, severe mosaic, leaf roll, and ‘ wildings These are all regarded in England as 
Class I Scotch seed ; Class i Irish, and Class i Special English and Welsh stocks 
are also recognised, the latter from certain limited areas only. Recently certifica- 
tion has been extended to cover English crops which, though ordinarily grown 
for consumption, can, under certain circumstances, serve as sources of good seed ; 
such crops are eligible only if grown from Class i seed and at least 50 yards from 
any crop not similarly grown. In Canada and Holland also there are important 
seed potato industries and a very elaborate certifying organistation exists ; in 
1935 the acreage certified in Canada was 83,537 Many other countries have 
adopted similar measures. 

Methods for the same purpose in the United States vary to some extent from 
State to State but are kept in general consonance by periodical conferences at 
which Canada is represented. Considerable use is made of the tuber unit method 
of establishing clean stock for planting the main crop : a portion of each tuber 
bearing an eye is tested under glass before planting time and only if it gives a 
healthy shoot is the rest of the tuber used. The resulting seed plot is grown in 
isolation and carefully rogued to eliminate any virus diseases that may appear. 
Naturally, localities are selected for seed production where the risk of spread 
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of virus diseases is low. By this method in commercial practice cases have been 
recorded in New York State of the reduction of virus diseases from 2*6 per cent, 
in 1924 to 0*4 per cent, in 1932, and in Quebec of an increase in yield from 287*7 
bushels per acre in 1928 to 417 in 1934. The outstanding importance of the eco- 
logical conditions controlling the insect vectors of these diseases is sufficiently 
demonstrated by the fact that there are areas in Ireland and elsewhere in which 
potato varieties have been maintained free from degeneration for many years. 
Early Rose potatoes have been grown on bog-land in central Ireland since 1867 
without change of seed and without running out, and almost forgotten varieties 
such as Pink Eyes and Lumpers on the western seaboard for much longer periods. 
In these areas the insect vectors are rare and the cool moist climate is adverse to 
their dispersal. 

The bunchy-top disease of bananas in New South Wales and Queensland 
has been brought under fairly effective control by a series of measures directed 
to the eradication of diseased plants and the prevention of spread. All plantations 
are registered and inspected, diseased plants are removed after treatment by pre- 
scribed methods to destroy the vectors {Pentalonia nigronervosa) present on them, 
diseased areas are quarantined so that no banana material may be moved from them, 
in the quarantined areas the land must be kept free from weeds for not less than 
6 feet from each banana plant, all banana plants in other than registered planta- 
tions must be destroyed, and every care must be taken in the plantations to recognise 
the early symptoms of infection. Permission to sell planting material must be 
obtained, and is granted only to growers of disease-free stocks. In certain areas 
free from the disease no planting material from the infected areas is allowed 
ingress. These stringent measures, applied under legislative authority in 1927 
and varied from time to time, have been effective in restoring the New South 
Wales banana-growing industry — probably infected from Fiji in 1913 and which 
had fallen between 1922 and 1925 to a seventh of its previous production, back 
to far more than the old figures by 1935 — and rank amongst the best examples 
of plant-disease control by administrative action based on sound scientific in- 
vestigation ^ 7 ). Similar methods are applicable to other virus diseases in advanced 
countries, especially in so far as they relate to the inspection and certification of 
nurseries supplying planting material. In New York State, for instance, all 
raspberry nursery stock offered for sale must be regularly inspected, rogued when 
necessary, and certified reasonably free from virus diseases. A test of the same 
procedure in England has broken down owing to the prevalence of carrier varieties 
and others with a low expression of symptoms. 

From this survey it will appear that the question whether the viruses are 
‘ animal, vegetable, or mineral ’ is largely of academic interest only. As agents 
of disease they behave sufficiently like the bacteria to allow of the application of 
the same considerations to the study of their behaviour and control. In particular, 
the problems of their origin, dissemination, and prevention, which at one time 
seemed so difficult as to lead many plant pathologists almost to despair of their 
solution, have yielded to intensive research sufficiently to give good grounds for 
the hope that the practical outcome will eventually equal that achieved in the 
fight against parasitic fungi and bacteria. 
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Chapter IX 

DEFICIENCY DISEASES OF PLANTS 


INTRODUCTION 

It has long been known that other elements besides those contained in the so- 
called complete ‘ fertilisers ’ used by farmers are of importance for the growth, 
development, and fruiting of plants. Though nitrogen, phosphorus, and potassium 
are the main elements in which cultivated soils most frequently have inadequate 
supplies for the nutrition of plants, symptoms of distress curable by applications 
of iron have been familiar to growers, especially of the vine and of woody orchard 
trees, for generations. Calcium, too, exercises a marked effect on the vegetation 
and has been widely held to have an influence in nutrition, apart from its better 
known action in improving soil structure, facilitating the availability of other 
plant foods, and providing lime for farm livestock. 

Of recent years knowledge of the crop disorders due to deficiencies in one or 
more of a whole range of other elements has rapidly accumulated. These ele- 
ments have come to be known as ‘ minor ’ or ‘ trace ’ elements, not because they 
are necessarily present only in traces in the soil, but because the plant usually 
contains little of them and can get enough from most soils for its proper functioning. 
Boron, manganese, zinc, copper, magnesium, and sulphur are amongst the ele- 
ments which have been so far implicated in the causation of the deficiency diseases 
of crops, and there is good reason to believe that this list is not complete. Not 
all the species of plants are equally prone to these troubles, which are sometimes 
also rather narrowly associated with certain soil types. 


IRON 

The chlorosis of the vine and of fruit trees found in soils rich in liirie or man- 
ganese and due to failure to obtain sufficient iron in suitable form in the green 
parts is discussed in the early literature on plant diseases. It has been especially 
noticed in the vine, pear, apple, quince, peach, apricot, plum, cherry, raspberry, 
walnut, orange, lemon, pineapple, rice, maize, lupins, cowpeas, conifers, and 
some vegetables. It always seems to be due not so much to an absolute deficiency 
of iron in the soil, for that scarcely ever occurs, as to some condition which 
reduces the availability of iron to the plant, or immobilises it within the plant. 
The chief ultimate causes of these conditions are the presence of excess of lime 
(‘ lime-induced chlorosis ’) and of manganese (‘ manganese-induced chlorosis ’), 
respectively. 
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Lime-induced Chlorosis 
Lime-induced Chlorosis of the Grape Vine 

Chlorosis of the grape vine is a familiar trouble in the vineyards on the marls 
and other calcium-rich soils of certain districts of France, Germany, and Switzer- 
land. Its routine control by applications of ferrous salts has been successfully 
achieved by the intelligent viticulturists of these regions for many years. The 
methods used may be divided into three groups : summer spraying with 
weak solutions, winter treatment by swabbing with strong solutions applied after 
pruning, especially with a view to absorption through the pruning cuts, and 
soil applications around the base of the vines. The injection method used 
with orchard trees is little practised in vineyards owing to the habit of the 
vines. 

Summer spraying or dusting is generally carried out as soon as the first signs 
of pallor are noticed ; if delayed until yellowing of the foliage occurs, little benefit 
results. F'errous sulphate at a concentration of i per cent, is ordinarily used, 
sometimes with the addition of citric acid at the rate of 150 gm. per hectolitre of 
the iron sulphate solution with the object of preventing the conversion of the ferrous 
to the insoluble ferric salt through the formation of an iron-citrate complex in 
which the iron is no longer present in the ferrous or ferric forms. A second 
application may be required later. 

For winter applications pruning is done early (November) and the whole vine 
then swabbed with a solution of 25 to 40 per cent, ferrous sulphate. In this cavSe 
also citric acid is sometimes recommended at the rate of one-fourth to one-fifth 
by weight of the ferrous salt ; the solution can be made up in the summer and 
evaporated for use after re-dissolving when required. The winter treatment 
is often followed by summer spraying during the next season. Both summer 
spraying and post-pruning swabbing can cause injury to the vines. Spraying is 
often followed by slight burns on the foliage, but the margins round these turn 
deeper green and the green gradually spreads over the whole leaf. Swabbing may 
burn the exposed wood and bark at the pruning cuts. 

The addition of ferrous iron to the soil is less certain in its action than the method 
mentioned above, but is employed to some extent. Crystalline or powdered iron 
sulphate is placed in a trench some 10 cm. from the base of the vine, about 300 
gm. of the salt being used per vine. The disease is also combated bv the use of 
the so-called calcium-tolerant varieties or species of vines. The European Vitis 
vinifera group is in general less susceptible to lime-induced chlorosis than some 
of the American species which became so extensively used as stocks in Europe 
owing to their resistance to Phylloxera, There are various records of hybrid 
and other stocks that can be successfully cultivated on chlorosis-inducing soils. 
Thus at Lausanne in Switzerland good results were obtained by hybrids between 
Mourvedre (F. vinifera) and Rupestris (F. rupestris) in heavy compact soil con- 
taining 48 to 60 per cent, available lime. In the United States bhlorosis of the 
susceptible Concord (F. labrusca) grape has been successfully overcome by grafting 
on F. vinifera stocks such as Muscat, Tokay, etc 
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Lime-induced Chlorosis of Fruit Trees 

In England lime-induced chlorosis is in the main an orchard trouble, correlated 
with soils derived from certain limestone formattons, rich in carbonates. Treat- 
ment of apple chlorosis with ferrous salts has been adversely criticised as being 
uncertain in its results (though sometimes giving temporary improvement) and 
injurious to the trees. Considerable control, however, has been secured by the 
use of permanent cover crops (grasses, clovers, weeds) in susceptible orchards. 
The beneficial result is believed to be due to the production from the cover crop 
of organic materials capable of forming, with iron, complexes akin to that given by 
citric acid. Although this chlorosis has often followed liming, it is difficult to 
relate its occurrence to either soil reaction, the water soluble iron content of the 
soil, or the iron content of parts of the tree. 

Both in France and the United States lime-induced chlorosis of fruit trees is 
regarded by nearly all workers as an iron-deficiency trouble and is combated by 
methods similar to those used in viticulture. In some parts of southern France 
peach chlorosis can be very destructive ; it has been successfully controlled by 
sprays or swabs of 15 to 40 per cent, ferrous sulphate applied during dormancy. 
The treated trees recover their normal green colour, and instead of no fruit or 
small and unmarketable fruit, a good crop has been obtained the following 
summer. The effect, however, does not usually last for a second season. Cures 
have also been obtained by the injection of iron salts into holes bored in the 
trunk of the tree. The double tartrate of iron and potassium, the double sulphate 
of iron and ammonium, and ferric potassium oxalate have given good results 
when injected at the rate of one-third to one gramme of iron per tree, according 
to age. For summer spraying of chlorotic peaches, dilute ferrous sulphate or 
the double sulphate of iron and ammonium applied in May have been recom- 
mended in France. Similar results have been obtained on pears. Injection gives 
the most lasting results, but painting the pruning wounds and summer spraying 
can be used concurrently. 

In orchards in the United States lime-induced chlorosis is well known : it is 
reported as perhaps the most serious single disease of plants in Utah and it is 
also severe in California, where pears are particularly injured by it. All the methods 
already mentioned for ameliorating the chlorotic condition have been recommended 
not only for tree fruits but also for shade trees. The claim has been made that 
definite improvement has followed the injection of ferrous salts into forest a^d 
shade trees growing in soils liable to iron-deficiency chlorosis in 95 per cent, of 
the trees tested. In California the injection of any soluble iron salt solution at 
the rate of one ounce per gallon of water is recommended for orchard trees, 
especially the pear. The solution is run in during dormancy, from a can into 
holes i to I inch in diameter, one or more according to the size of the tree, and 
extending two-thirds to three-quarters of the way through the trunk. Or the 
salts may be used dry, ferrous and ferric citrate being specially recommended 
for this purpose. Spraying with a solution of ferrous sulphate of one ounce per 
gallon late in the day, so that absorption may occur during the night, is another 
recommended practice ; and soil applications of crushed ferrous sulphate, either 
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in trenches i to 2 feet deep and i to several feet from the tree base, or in evenly 
spaced holes about the same depth and 2 inches broad in one or more rings around 
the tree, are followed by good results if made in late winter or early spring. Chlorotic 
apple trees in calcium-rich soils in Montana were found to benefit from trunk 
injections of a 0 25 per cent, solution of ferrous sulphate or 2 to 3 gm. of dry ferrous 
sulphate or ferric nitrate, watered after insertion. Even the old-fashioned orchard 
practice of driving 15 to 20 iron nails, i to inches long, into the apple trunks 
gave an improvement, while spraying and soil applications of ferrous sulphate 
were ineffectual. 

Lime -induced chlorosis is prevalent in orchard and tree plantations in the 
south and south-east of the U.S.S.R. Apple, plum, and raspberry are amongst 
the fruit most affected. The trouble may be counteracted by soil applications 
of iron salts and sulphuric acid, the avoidance of alkaline fertilisers, and the 
use of tolerant varieties. The corn bindweed {Convolvulus arvensis) is stated to 
be a useful indicator plant for revealing chlorosis-inducing soils. Chlorosis of 
conifers in calcareous soils is sometimes a serious trouble, especially in forest 
nurseries in the United States, and, like the chlorosis observed in beech planta- 
tions on the chalk in England, is presumably due to iron deficiency ^ 7 ). 

In citrus plantations this type of chlorosis has proved troublesome in some parts 
of the United States and there are a few records of its control by the injection 
of iron salts (e.g. the citrates) into the trunk, or by applications of ferrous sulphate 
to the soil. In Arizona, where these methods have been used, the disease appears 
in 8- to i2-year-old trees in alkaline calcareous soils, and reaches its maximum 
when the trees are 18 to 20 years old. It is probable, however, that many of the 
earlier records refer to other deficiency diseases, especially that now treated by 
applications of zinc and known in California and elsewhere as mottle leaf. 

There are several records of the existence of marked root-stock effects in 
orchard trees growing in chlorosis-inducing soils. Thus in Californian experi- 
ments with pears both the quince and Pyrus serotina proved to be more susceptible 
to lime-induced chlorosis than the pear (P. communis) stocks. Amongst com- 
mercial varieties the Bartlett, Commice, and Nelis were more susceptible than 
Clairgeau or Hardy. The acute type of chlorosis appears to be restricted to 
certain plants, but in these it causes not only yellowing of the leaves but defolia- 
tion and also death of a part of the root system. 

In the U.S.S.R. chlorotic apple and pear trees have been reported to show 
increased susceptibility to the leaf spot and black rot caused by Sphaeropsis 
malorum {Physalospora obtusa), and good results in controlling the disease have 
followed the use of an iron sulphate spray (6 or 8 per cent.) in early spring or 
late autumn. 

Lime-induced Chlorosis of Lupins 

Another lime-induced chlorosis worthy of mention is that of the yellow lupin 
{Lupinus lut€%is)y which has been extensively reported from Central Europe on 
calcareous or limed soils. This plant is generally held to be a calcifuge, but the 
chlorosis appears to be due rather to a disparity between calcium and available 
iron than a strict calcifuge habit ; manuring yellow lupins with magnesium car- 
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bonate produces a similar chlorosis to that induced by lime, and this can be equally 
cured by applications of iron. The perennial lupin (L. perennis) is not a calcifuge 
and the blue (L. angustifolius) is less so than the yellow. A similar relationship 
seems to hold with manganese as with calcium in these plants, and chlorosis 
curable by applications of iron has been induced in L. luteus by excess applications 
of manganese salts. Since similar results have also been obtained with ammonium 
salts used as a top dressing on the seedlings, it is suggested that in such cases 
ammonia accumulates in the sap and renders the iron inactive. The chlorosis 
is accompanied by withering of the foliage and either stunting or abnormal elonga- 
tion of the roots. The first few leaves formed do not show symptoms, possibly 
because they obtain enough iron from the seed ; these leaves always contain more 
iron than those formed later. As the plants reach maturity the typical symptoms 
disappear. 

Manganese-induced Chlorosis 


Turning to manganese-induced chlorosis, the pineapple disease known as 
‘ yellows * is one of the best-known examples, •it occurs chiefly in the extensive 
Hawaiian plantations in highly manganiferous, acid soils, deficient in calcium 
carbonate. Affected plants turn yellowish- white, growth ceases, and the leaves 
die back until the whole plant is dead. The disease can be cured by spraying with 
ferrous sulphate, in the same way as the lime-induced chlorosis of the same 
plant in Porto Rica can be treated. In spite of the difference in soil conditions 
under which the two diseases occur, their proximate cause appears to be similar, 
namely, a lack of available iron in the plant ; manganese and calcium carbonate 
can each exert an additive chlorotic effect in the presence of the other. 

Several of the cereals are susceptible to manganese-induced chlorosis, as are 
also sugar-cane and tobacco, but many other crop plants are practically unaffected 
by an excess of manganese. 


Causes of Iron Deficiency Symptoms in Plants 

In both manganiferous and calcareous soils, plants susceptible to chlorosis 
appear to be unable to obtain the iron that they require in a suitable form. Various 
theories have been advanced to account for this, but the real cause seems to be 
obscure. Sometimes there may be an absolute deficiency of iron, but cases occur 
commonly where there is no real shortage of the element. Since in many of 
these cases analysis does not reveal a lack of total iron in the chlorotic plants, but 
rather its immobility or restriction to certain parts, the physiological conditions 
within the plant are evidently of importance, and this appears to be particularly the 
case in the manganese-induced form. It has also been suggested that manganese 
interferes with the role of iron in the formation of chlorophyll. 


BORON . 

Boron deficiency has received more notice during recent years than that of 
any of the other trace elements, partly because it has accounted for several major 
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plant diseases that had long puzzled plant pathologists, but also in part, no doubt, 
because of the excellent propaganda employed by commercial interests. 

Though earlier French work had shown that boron could act as a catalytic 
fertiliser and that it was an essential element in the development of maize, the 
first description of symptoms of nutritional diseases due to lack of boron was issued 
from Rothamsted in 1923. It was not until 1931, however, that it was established 
by work in Holland that a major plant disease, the well-known heart and dry rot 
of sugar and fodder beet, which seems to have been seen in France over seventy- 
five years ago, was due to boron deficiency. Since then several other important 
plant diseases have been traced to a similar cause, and there is no reason to suppose 
that the list is as yet complete. Unlike most other deficiencies, that of boron 
affects the storage organs of the plant, roots, tubers, fruits, and the like, usually 
more than the green parts, though these seldom escape altogether and in some 
plants show marked symptoms 

The heart and dry rot of beets was long known to be associated with alkaline 
soil conditions, and to be promoted by liming, especially in dry alkaline soils. 
At the same time the almost constant occurrence of Phoma hetae in the diseased 
parts led to many attempts to implicate this fungus in the causation of heart rot. 
It is now known that these are merely accessory factors and that typical cases of 
the diseases may occur in their absence if boron is not available to the plant. Soil 
applications of boron have been exceedingly effective against the disease, whether 
applied alone as borax or other compounds, or used to reinforce the ordinary 
fertiliser mixture for the crop. In Germany it is stated that 30,000 tons of sugar- 
beet fertiliser in the form of borated superphosphate were used in 1938. From 10 
to 20 lb. borax per acre may be required. Heart rot is further described in Part II. 

In a form of the disease occurring on vegetable beets and known as ‘ girdle * 
in the United States, dark sunken spots may partially encircle the beets below 
soil level ; though borax treatment gives good results against this disease it is 
not certain that its true cause has been established. Another beet disease success- 
fully treated by borax is the internal black spot of canning beets in the United 
States, a disease characterised by the presence between the rings in the thin-walled 
tissue layers of the bulb of irregular hard or corky black spots, usually accom- 
panied by distortion and reddening of the foliage. 

Following at short intervals in 1935 and 1936 it was reported in New Zealand, 
Canada, the United States, and Finland that the serious disease of apples known 
as internal cork, corky core, and drought spot was due to, boron deficiency. The 
disease had been known for a good many years in these and other countries, and 
its association with soil conditions, especially soil moisture and unbalanced nutri- 
tion, had been stressed. 

The fruits on affected trees are characterised by dead, dry brown spots scattered 
through the flesh or confined to the core. In the form termed drought spot, the 
spots or brown streaks following the vascular bundles start just under the skin, 
which in some varieties shows a corresponding roughness. Affected trees may 
show a tendency to increased fruit drop, and in extreme boron deficiency die- 
back of the terminal branches may be observed. Some varieties are more liable 
to the drought spot type of disease than to internal cork, but others have both, 
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and late in the season the latter typejs predominant. The condition is aggravated 
by drought and is worst on light or shallow soils. There is an abnormal meri- 
stematic activity in the internal spots, resulting in the development of a cork 
cambium around the lesion and the formation of linear rows of cells ; individual 
cells may also divide. Starch is retained in the necrotic areas. 

Soil applications, spraying, and injections have all been used in controlling 
this disease by boron compounds. In soil applications in Canada, 30 lb. boric 
acid per acre applied in the autumn around the aflFected trees, two or three feet 
from the base, has given good results. In view of the heavy loss that may occur, 
only one-tenth of the boron applied being sometimes available after a year, smaller 
annual applications may prove to be the most satisfactory. Heavy applications 
have also been found to impair the keeping qualities of Jonathan apples in New 
Zealand. The beneficial effects of soil applications have been found to last for 
three or four years in Canada and the United States. Since treatment with boron 
compounds has been adopted, the disease has ceased to cause concern in British 
Columbia, where it was formerly a serious trouble. 

Experiments in the United States indicate that the obscure apple disease 
known there and in Australia as ‘ measles ’ or ‘ internal bark necrosis ’ may be 
another manifestation of boron deficiency. The disease, which has been known 
since 1908, is characterised by an eruption of small pimples in localised areas of 
the bark. These become isolated by cork and exfoliated, cankers then developing 
in severe cases. Isolated necrotic nodules occur deep in the bark. In cultures 
deprived of boron both the eruptive and buried necrotic lesions that resulted were 
macroscopically and microscopically indistinguishable from those of natural cases 
of measles. Their development was prevented by application of boron. The 
disease has been reported to be prevalent on compact clay soils, in which it is 
recommended not to plant the highly susceptible Delicious variety. There are 
marked differences in varietal susceptibility to it. 

Pears and cherries sometimes suffer from drought spot similar to that of the 
apple, and a condition in pears marked by cracking of the calyx-end of the fruit 
and die-back has been readily cured by soil dressings of i lb. borax per tree, in 
Australia. In apricots a brown spotting of the flesh, especially near the stem end, 
and a dry spongy condition near the stone, was controlled by borax in New Zealand. 
In Canada apricots under boron-deficient conditions suffer from drought spot and 
die-back. Plums are liable to drought spot and gum spot from the same cause, 
the fruit showing dead pulpy areas and the flesh a tendency to stick to the stone ; 
in this case also the trees may suffer from die-back. To complete the catalogue 
of the tree-fruit diseases hitherto attributed to boron deficiency, additions to which 
are still being made, the report that boron was essential for the healthy growth 
of citrus in Southern Rhodesia, and that the disease known there as ‘ hard fruit ’ 
could be controlled by soil applications of borax, should be mentioned. Trees 
showing this condition have small leaves, the branches tend to die back, and 
fruit drop is accentuated. Such fruits as are left are dry, hard, deformed, their 
development may be arrested, and gum pockets or corky patches are found in 
the fruit pulp. A great increase in marketable fruits was obtained by applications 
of 50 to 500 gm. borax per tree. 
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Several lists of vegetable and other crops affected by boron deficiency have 
been published, together with, in some cases, the recommended doses of borax 
which have been found safe and effective ^5, n, 20) These doses vary with soil 
and crop conditions but are generally between 10 and 20 lbs. per acre Heavy 
applications may cause damage, especially to a succeeding crop that may be sensi- 
tive to the toxic action of boron, such as beans. In the eastern United States and 
Canada boron deficiency is sometimes responsible for a serious cauliflower disease, 
termed browning, internal browning, or brown rot. Small brown concentric, 
water-soaked areas develop in the stem and in the branches of the curd (head) 
and rusty-brown patches may show on the surface of the curd. The affected 
heads have a bitter taste. In cultures under conditions of extreme boron deficiency 
the leaves around the head are deformed, the development of the curd is arrested, 
and browning spreads from the top into the flesh and stalk. Spinach is similarly 
liable to suffer from boron deficiency, the plants turning yellow and the leaves 
becoming small and deformed when deprived of boron. In celery a disease known 
in Florida since 1924 under the name ' cracked stem which has since become 
prevalent in the United States and Canada where it may destroy half the crop in 
patches, was reported in 1937 to be due to boron deficiency and to be preventable 
by soil applications of borax or by spraying the plants with a solution of borax. 
It is characterised by a transverse cracking of the epidermis above the vascular 
bundles, the broken tissues curling back and turning brown. At an earlier stage 
a brownish mottling of the leaf may be observed. The stalks are brittle and the 
roots brown, with loss of many lateral roots. 

Sunflowers have been used as indicators of boron deficiency in the western 
United States. Their leaves show marked abnormalities, and apical growth is 
arrested, when they are deprived of boron, while their susceptibility to the powdery 
mildew, Erysiphe cichoracearum is greatly increased. In this area, the soils of 
which are notably deficient in boron helow 3 feet, in certain geological formations, 
humus depletion accentuates the tendency to boron deficiency which may be 
lessened by the use of compost. 

Boron was found to be necessary for potatoes by experimental work some 
years ago. Since then there have been several reports of potato diseases due to 
lack of this element. In Scotland a non-parasitic leaf roll found in certain soils 
and in certain varieties, especially in dry seasons, was prevented by soil applications 
of borax and an increased yield of 35 per cent, obtained. Indications were also 
given that the tuber diseases known as ‘ internal rust spot ' and ‘ spraing ’ might 
be due to the same cause. In Holland a tuber disease in boron-deficient soil 
was greatly reduced by fertiliser applications containing boron. Affected tubers 
show a total or partial browning of the vascular ring, usually most pronounced 
at the stolon-end of the tuber. This browning sometimes involves the neigh- 
bouring cortex and occasionally the pith. The diseased tissues rapidly darken on 
exposure to air. 

It was reported in 1930 that the tobacco disease in Sumatra known as ‘ top 
disease ’ could be largely controlled by a boric acid solution applied to the plants. 
Subsequent experiments in Holland in 1934 showed that tobacco is very 
sensitive to boron deficiency, which caused weakness of the root system, death 
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of the growing point and axillary buds, chlorosis, thickening and wrinkling of 
the leaves, often with a downward bending of the main veins, and discoloration 
of the vascular system. The similarity of this condition to the Sumatra tobacco 
disease was pointed out. In the United States and (jermany also, tobacco dis- 
orders of a similar origin and effect have been described, the affected plants 
showing chlorosis of the bud leaves with collapse of the tissues and contorted or 
unilateral growth of the top of the plant, followed by die-back of the terminal 
bud and of any later-formed lateral buds. Top disease is usually most severe on 
alkaline soils in Sumatra and under such conditions the best control has been 
given by a solution of 6 mg. boric acid in half a litre of water per plant, poured 
into the hole during transplanting or applied around the seedling after setting 
out. In Germany borax is reported to be regularly applied for tobacco at the 
rate of 20 kg. per hectare. 

Various types of yellowing, reddening, and bronzing of the foliage are some- 
times the principal symptoms of boron deficiency in herbaceous plants. The 
lucerne disease known as ‘ yellow top ' in the United States and Canada has been 
traced to this cause. The yellowing occurs between the veins in diffused patches, 
or in streaks if the leaves are affected when mature. The leaf margin may die and 
curl up. In severe cases the growing point is stunted and bears small yellow leaves. 
Many of the leaves turn bronze or reddish, but usually the main veins remain 
green. The internodes are shortened and the plant stunted. Good control has 
been obtained with soil applications of boron compound ; with borax applied 
in the previous August an increased yield of 16 per cent, was obtained at the second 
cutting. A somewhat similar condition has been observed in clovers in the United 
States, and a lettuce crop showing symptoms resembling those due to manganese 
deficiency was cured in calcareous soil in North Carolina by a soil application of 
only 4 lb. borax per acre. In this soil 5 lb. borax per acre applied in March effect- 
ively controlled * yellow top ’ in lucerne. It is of interest to note that experiments 
in Holland showed that lucerne and peas were particularly sensitive to lack of 
boron, but cereals suffered little. Carrots grown in culture solutions without 
boron at Rothamsted had reddened or yellowed, down-curling leaves, followed 
by death of the growing point ; there was a small tap root, and the laterals were 
short and locally thickened from failure of the rootlets to emerge. All the elements 
of the vascular tissue in the root were affected, beginning with hypertrophy and 
collapse of the parenchyma cells, enlargement and irregularity of the cambial 
and phloem elements, and blocking of the cavity in many xylem vessels. Hyper- 
trophy and breakdown also occurred in the ground cells of the cortex but, unlike 
what happens in the turnip, the central tissues rarely showed lesions. These 
internal changes generally start near the growing apex of the plant. 

Causes of Boron Deficiency Symptoms in Plants 

No entirely satisfactory chemical explanation of the frequency of heart rot 
and other boron deficiency disorders in alkaline soils seems to have been given. 
In some soils there is absolute deficiency of boron, in others boron may be present 
in appreciable quantity but in forms of very low availability to plants. In general, 
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high exchangeable calcium, which is associated with high pH values or alkalinity, 
reduces the availability of soil boron. A microbiological explanation has been 
sought, especially by Russian workers. It has been supposed that the available 
boron is used up by the soil microflora, the activity of which is increased by liming, 
or that liming increases the reduction processes in the soil by causing a rapid 
increase in the development of anaerobic bacteria, or even that liming induces 
parasitism in soil bacteria which are not harmful and may be beneficial when boron 
is in adequate supply. It is of interest in this connection to note that work at 
Rothamsted has shown that in the absence of boron the normally symbiotic 
nodule bacteria of the Leguminosae may become parasitic owing to a disturbance 
in the transport of carbohydrates to the nodules (see also p. 755). 

It has proved possible to correlate the occurrence of ‘raan’ in south-west vScotland 
with the geological origin of the soils. In general, the boundaries between high 
and low incidence of the disease correspond to the division between boulder clays 
of southern and northern origin, the latter being rich in tourmaline, a mineral 
containing a considerable amount of boric oxide, while the southern boulder 
clays have little. This is a good instance of the type of absolute boron deficiency. 
‘ Raan ’ of swedes and turnips is further described in Part 11 (p. 571). 


MANGANESE 

Manganese deficiency is widespread and is particularly important because it 
injures such extensively cultivated crops as cereals, potatoes, and sugar-beet. 

Though earlier work had shown the value of manganese as a fertiliser, the first 
suggestion that a definite crop disease, the ‘ grey speck ' of oats, might be due to 
its lack was made in Germany in 1914, and it was not until between 1922 and 
1928 that it was established by work in the United States that manganese is 
essential for the growth of various plants. In Australia a little later, manganese 
was found to be necessary for all the 15 species of plants tested, which ceased 
growth, often became chlorotic, and then suffered a necrosis of the growing 
points, in its absence. 

Grey speck disease of oats was long known in Central and Northern Europe, 
especially on limed acid soils, rich in humus, such as reclaimed moorland. The use 
of manganese for its control in these areas gradually became established from 
1923 onwards. The ‘ Veenkoloniale ’ disease also aflFected other crops, rye, barley, 
wheat, potatoes, beets of all kinds, turnips, etc., though only a few of them showed 
spotting, the others having yellowed or chlorotic foliage ; this condition was also 
successfully controlled by manganese. Subsequent observations in Denmark 
have extended the list to include spinach, tomatoes, and various pasture grasses, 
and in Sweden flax has been added. In the United States, especially, it was found 
that chlorosis due to lack of available manganese was not confined to crops grown 
on reclaimed heaths, but occurred on other characteristic soil types ; chlorosis 
of spinach, lettuce, beet, onions, etc., in certain parts of Rhode Island, of market 
garden and other crops in acid sandy loams in the coastal plain of North Carolina, 
and of sugar-cane in Hawaii (where ‘ Pahala blight ’ of this crop was controlled by 
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manganous sulphate), were recognised as manganese deficiency diseases. In 
1928 a very complete study of grey speck as a manganese-deficiency disease was 
published in Australia, where cereal crops on alkaline volcanic or reclaimed 
swamp soils were chiefly affected and it was established that the availability of the 
soil manganese was dependent on complex soil factors. In the British Isles oats 
and many other crops are affected in soils agreeing in their high content of organic 
matter and lime, but of varying reaction above />H 6*5. All the affected crops 
may recover as they grow older, provided they are not too severely injured by 
the early attack ^^7). Grey speck is further described in Part II (p. 420). 

Amongst other crops affected by lack of manganese in England are globe 
beetroot and spinach, which are extremely sensitive to this condition, potatoes, 
onions, marrows, cos-lettuce, parsnips, and beans. In the United States the 
symptoms in spinach resemble chlorosis ; in England they are described as being 
similar to ‘ speckled yellows ’, except that the spots are greyish-yellow rather than 
yellow. Onions grown on unproductive peat soils in New York State have yellowish 
leaves which die off at the tips. Many of the plants die before harvest, but an 
application of 100 lb. manganese sulphate per acre has been found to check the 
disease. In potatoes the younger leaves show dark-brown to black, round spots 
along the sides of the veins, especially in the lower half of the leaflets. Later in 
growth, the whole leaflet becomes light in colour. The spots are sometimes 
confused with those associated with potash deficiency, but the latter occur prin- 
cipally on the older leaves in irregular areas, especially at the edges. In a very 
severe type of manganese deficiency known in beans in Florida in humus-rich 
soils to which calcium has been added, the leaves first turn pale and mottled from 
retention of the green colour for a longer period, near the veins, then golden 
yellow. Growth is retarded and the affected leaves progressively become smaller. 
Stipple spotting develops before the yellowing is complete, the small necrotic 
brown spots appearing parallel to the veins. Later the under surface becomes 
cupped between the veins and the interveinal tissue then breaks down. Eventually 
the buds die, secondary growth lower down also dies, and the plants wither. 
Almost fantastic increases in the yield of beans (more than 25-fold) were obtained 
in this area by manganese sulphate applied at the rate of 50 lb. per acre, and 
still better results were given when to this application an equal quantity of sulphur 
was added. Many other plants have been reported to suffer more or less severely 
from manganese deficiency in Florida ; in highly calcareous soil containing a 
small admixture of peat and only a trace of manganese, tomatoes show a pro- 
nounced yellowing of the leaf areas farthest from the veins, pin-point necrotic 
spots appear and expand into dead patches, growth becomes increasingly spindly, 
little blossom develops, and there is no fruit. Histologically, manganese-deficient 
tomatoes have thinner stems and leaves, with less xylem, and smaller palisade 
cells than normal. There is a good deal of plugging of the vessels, and crystals 
are abundant 

For several crops, better results have followed the application of a small amount 
of manganous sulphate as a spray than the use of far larger quantities in the soil. 

The obscure pea disease known in England as ‘ marsh spot in Holland as 
‘ rotten heart ’ (‘ kwaade-hart *), in France as ‘ mouchete and in Finland as 
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‘ internal necrosis ' was first suggested in 1936 to have some relation to manganese 
deficiency. Marsh spot is further described in Part II (p. 625). 

That fruit trees may show marked symptoms of injury from manganese 
deficiency was established by culture work on citrus in California from 1936 
onward. Oranges and lemons in New Zealand were reported in 1938 to suffer from 
a disease resembling the ‘ mottle leaf ' disease due to zinc deficiency (see below, 
p. 309), but treatment with zinc compounds failed to effect an improvement 
while very promising results have been obtained with manganese sulphate 
Fuller accounts of the symptoms and control of manganese deficiency in citrus 
groves in Florida and California followed. A few cases of chlorosis in apples 
attributed to manganese deficiency were reported from Canada in 1937. Both 
apples and raspberries are affected in England, and evidence is accumulating that 
deciduous fruit trees in South Africa may be severely injured by a shortage of 
manganese. In the Western Cape Province of South Africa manganese deficiency 
appears to be about as prevalent as that of iron or zinc, the symptoms being of the 
‘ mottle leaf ’ type and affecting chiefly the stone fruit. 

Citrus trees suffering from lack of manganese show a network of fine green 
veins on a light-green background in the younger leaves, where the symptoms 
are difficult to distinguish from those due to zinc deficiency. As the leaves expand 
fully, the pattern of dark green near the veins and light green to bronze, fading to 
dull whiteness, between them, is less sharply defined than that of true mottle 
leaf ; nor are the leaves as narrow and the internodes as short as in that disorder. 
In severe cases, growth and foliage are reduced and the fruits are light in colour. 
Spraying in spring and summer with manganese sulphate solution (50 to 100 gm. 
per gallon) has given good control but causes some injury to the leaves ; this may 
be reduced by the addition of hydrated lime or sodium carbonate to the spray. 
Soil applications in winter of 65 per cent, manganese sulphate at the rate of 5 lb. 
per tree have also been recommended, but all treatments are still somewhat 
experimental. 

Peaches suffering from manganese shortage in South Africa have similar 
leaf symptoms to those already described, but the interveinal areas may turn 
yellow. Even in trees having mild leaf symptoms there may be a substantial 
diminution in the yield of fruit, but this can be fully restored by winter spraying 
with manganese hydroxide or injections of manganese into the wood, the cost 
of the latter treatment being only 2d. per tree in an orchard which bore no com- 
mercial crop before treatment, and one worth from £2 to per tree afterwards. 
A similar case of loss of crop following chlorosis has been observed in cherries 
in England, where branch injections of both iron and manganese were effective 
in securing a healthy new growth, the response to manganese being the better of 
the two. 

Tung trees {Aleurites fordii and A, montana) are adversely affected from lack 
of manganese in Florida, not only on calcareous or over-limed soils but on other 
soils in which exchangeable manganese is scanty ; and a wide range of ornamental 
shrubs in acid, sandy, as well as . in over-limed or calcareous soils in the same State 
show similar symptoms, and respond well to manganese treatment. In most of 
these plants the leaves are mottled from retention of the green colour longer near 
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the veins than farther away, and there are necrotic spots in the yellowed or 
chlorotic areas. In some, the spots may be larger, and deep reddish or purple 
anthocyanin-like blotches occur. 

Causes of Manganese Deficiency Symptoms in Plants 

It would seem that disease due to manganese deficiency, like that due to 
boron deficiency, sometimes results from an actual scarcity of the element in the 
soil within the root range of the plant, and sometimes from the manganese being 
present in a form which the plant cannot utilise. In this last type of deficiency, 
which is the common form in England, there is a certain similarity in the soil 
conditions under which it occurs and those under which deficiencies of iron and 
zinc occur, and there have been several reports of deficiencies of two of these 
elements occurring simultaneously. Grey speck has been found to be accentuated 
by large quantities of lime, humus or colloids, by the application of nitrates or 
alkaline phosphatic fertilisers, and by drought. Acidification of the soil with 
sulphur is effective in the prevention of grey speck and allied diseases where the 
soil is not actually deficient in manganese, and is recommended in England in 
preference to manganese applications, in many such cases. Presumably local 
acidification, water-logging, and reducing materials increase the availability, by 
reducing manganese dioxide. The effects of over-liming appear to depend in 
part on the fact that the oxidation of manganous salts proceeds more rapidly and 
completely in alkaline solutions. Where the original reserve of total manganese 
is relatively high a considerable time may elapse before injury from liming is 
visible, but if reserves are low the symptoms soon develop. 

The liming of acid fen soils and certain other types of soil in England carries 
with it the risk of inducing manganese deficiency. So, also, the ploughing-up of 
grass-land on calcareous formations where the turned-over sod provides a humus- 
rich layer in association with excess of calcium has been followed by severe 
outbreaks of manganese-deficiency diseases. 

It has been suggested that the effects of an absolute manganese deficiency 
are aggravated by certain bacteria or moulds in the roots. The occurrence in 
affected soils of bacteria capable of precipitating soluble manganese compounds 
into insoluble oxides is also believed by some to play an important part in the 
etiology of the disease 


ZINC 

It may be that little would yet be known of the injurious effects of a shortage 
of zinc upon the health of certain plants were it not for fortuitous observations 
reported in 1932, first on the treatment of ‘ rosette ’ or ‘ little leaf ’ of apple and other 
fruit trees in California by soil applications of ferrous sulphate, and a little later 
on the effect on ‘ pecan rosette ^ in Louisiana of injecting ferric salts into the wood 
or spraying the green parts with iron sulphate. These showed that th^ beneficial 
results obtained were due to small amounts of zinc contained in the iron salts* 
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The clue was immediately followed up and control of the diseases secured by 
the use of zinc compounds. Tests were at once made of the effect of zinc on the 
well-known ‘ mottle leaf * disease of citrus trees in California, since some of the 
symptoms of this obscure disorder resemble those of ‘ little leaf ’ in deciduous fruits, 
and success in the treatment of mottle leaf in oranges and lemons by soil applica- 
tions of zinc sulphate was reported in 1933. 

Mottle leaf or ‘ frenching ’ of citrus has been known in the United States since 
a very early date. Apple rosette was described as a specific and prevalent disorder 
in the inland regions of Washington State in 1923. Pecan rosette was first recog- 
nised about 1900 and intensive studies on it were carried out for many years 
with disappointing results. Little leaf or ‘ Californian yellows ' of the stone 
fruits, peach, apricot, and plum, was also well known in California for many 
years. In a study of ‘ walnut yellows ’ or ‘ little leaf * published in 1928 it was stated 
that this disease, the little-leaf disease of stone fruits, pecan rosette, and mottle 
leaf of citrus formed a group of physiological tree diseases in California probably 
all due to the same cause and correlated in some way with the base relationship 
in the soil. Little-leaf or mottle diseases of apple, grape, avocado-pear, fig, and 
cherry in California and Washington were later included. 

Mottle leaf in citrus trees has, as its main symptoms, a wrinkling and pale 
yellowish-green mottling of the leaf, contrasting sharply with green bands along 
the main veins, followed by desiccation and leaf drop. On severely affected trees 
the leaves are small, pointed, and narrow, and the fruit is small, hard, and dry. 
Bud development and tissue differentiation at the growing point are delayed. In 
the pale leaf areas the cytoplasm of the cells is reduced and the few undeveloped 
chloroplasts tend to collect at one pole of the cell. Photosynthesis is feeble in the 
palisade cells, which are often divided transversely, but starch formed elsewhere 
tends to accumulate in the spongy parenchyma which seems to be incapable of 
utilising it. Leaves on the south side of the tree are usually more mottled than 
those on the north, and culture experiments showed that the mottling varied 
directly with the light intensity. After treatment with zinc, normal chloroplasts 
are produced, and there is a striking improvement in growth ; the xylem cylinder 
of twigs 14 months old on the treated trees in one set of experiments averaged 
518-5 /X in diameter against 381-3 /x on untreated twigs of the same age. 

The best and safest method of applying zinc compounds to citrus trees appears 
to be by spraying in concentrations equivalent to about 1-15 lb. zinc to loo gallons 
water. Zinc sulphate or zinc oxide may be used, and it is advisable to add hydrated 
lime or soda ash to the former or to combine the latter with lime-sulphur. Dusts 
have not given complete control and soil applications have caused injury to the 
trees and, in California at least, have proved expensive, since most of the soils 
have so high a fixing power for zinc that heavy applications are necessary. In the 
Southern Hemisphere striking improvement in mottled orange trees resulted 
from the application in mid- September of a spray consisting of 10 lb. zinc sulphate 
(23 to 25 per cent, zinc), 5 lb. hydrated lime, with a little spreader, in 100 gallons 
water. A similar treatment at a corresponding period (March) in California 
gave an increase in yield of oranges of about 6-5 per cent, in the same season and 
of 24 per cent, the following year, while in grape-fruit the same treatment at the 

L 
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beginning of blossoming is reported to have increased the total yield in bad cases 
by several hundred per cent. 

Mottle leaf of citrus, also sometimes termed ‘ foliocellosis is known in almost 
all citrus-growing countries. In Western Australia observations suggest that the 
incidence of citrus anthracnose {Colletotrichum gloeosporioides) is correlated with 
that of mottle leaf. 

Apple rosette is marked in advanced cases by the dense cluster of small, narrow 
yellowish leaves at the tips of the twigs, the rest of which is bare. The new growth 
is spindling, with narrow crotch angles ; the internodes at the tips are much 
shortened and there may be a production of short lateral shoots lower down. 
Die-back of these and of the rosetted twigs may follow in a few months. In the 
earlier stages the chief symptom is a yellowish-green mottling of the foliage. 
Pears may be similarly affected, and indeed no clear distinction can be drawn 
between the symptoms formerly classified under ‘ little leaf disease ’ in stone fruits 
(peach, apricot, plum, and cherry) and ‘ rosette ’ of pome fruits. In the Western 
Cape Province of South Africa, apple, pear, apricot, and plum all show similar 
symptoms, the disease being far more destructive than the equally prevalent 
manganese-deficiency disorder in the same area 

Cytologically and histologically these diseases are characterised by inhibition 
of development or by destruction of the chloroplasts, sometimes with a lack of 
differentiation of the tissues in the affected parts of the leaf, especially those most 
intensely illuminated. Affected cells may have very scanty contents. In the apical 
meristem, cell multiplication is inhibited, and there is premature vacuolisation 
and polarisation, with an accumulation of phenolic materials in the vacuoles. In 
the apricot and peach, gums were present in senescent leaves while tannin was 
increased in the dwarfed leaves. It is suggested that the oxidation processes in 
the cells are impeded by zinc deficiency. 

Treatment of rosette and little leaf is on the same lines as that of mottle leaf. 
Old, affected stone fruits may require spraying with higher concentrations (50 lb. 
zinc sulphate per 100 gallons if severely affected, 25 to 30 lb. if less so), applied 
just before the buds swell. Young trees can be given the same treatment during 
dormancy or the foliage may be sprayed 4 to 6 weeks after it appears with 18 to 
25 lb. zinc sulphate, plus one-third as much hydrated lime, in 100 gallons water. 
In Florida good results have followed zinc sulphate-lime sprays on peaches, 
using a 5-2 J~ioo formula Stronger solutions, up to io-i5"ioo may be required 
to correct severe cases in avocados Treatment by injection into the wood 
round the base of the trunk or by driving zinc tacks into the wood, as is sometimes 
done with iron nails in iron-deficiency chlorosis, has also given good results on 
some fruit trees, lasting throughout several seasons. Dust and soil applications 
are less satisfactory. In Queensland good results against little leaf in apples in the 
first season were only obtained from dormant spraying, with 50 lb. zinc sulphate 
per 100 gallons water, none of the other treatments giving a positive result quickly 
enough to affect the growth in the same season. In South Africa also the best 
results on pears were given by dormant applications. Good controls of little leaf 
in grape vines in California was obtained by swabbing with a solution of 2 lb. 
zinc sulphate in i gallon water immediately after pruning, as is done with iron 
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sulphate against the vine chlorosis due to iron deficiency ; this treatment was 
less effective in fruit trees. 

Little leaf or rosette has been reported in deciduous fruit trees from Australia, 
New Zealand, South Africa, Southern Rhodesia, the Argentine, and Hungary, in 
addition to the United States. 

Pecan rosette was one of the first of this group of disorders to be described. 
As in apple rosette, its chief symptom is the development of small, crinkled, 
brittle, yellowish-mottled leaves with short petioles, clustered at the ends of the 
branches. In slight cases, or early stages, yellow mottling with prominent Veins 
on the young leaves at the tip of the shoots may be the only symptom. In advanced 
cases there is considerable reduction in growth, the leaves are deformed, and 
the affected branches die back during the late part of the growing season, the same 
fate overtaking the secondary growth which is put out from dormant buds lower 
down. The nuts on affected branches are small and misshapen. At first only a 
part of the tree may suffer. Different varieties show rather different symptoms, 
some having more leaf necrosis and die-back, others more chlorosis and mal- 
formation of leaves and fruit. 

The histological changes in affected pecan leaves vary, but may include hypo- 
plasy and reduction in differentiation of the tissues and smaller intercellular 
spaces. In the centre of the yellowish areas, chloroplasts are almost absent and 
the translocation of starch from affected leaves seems to be inhibited. 

Walnut ‘ yellows ’ in general resembles pecan rosette, but there is a downward 
curving of the petioles of the leaves and the leaflets are similarly curved. 

Both these nut-tree diseases, reported from the United States, are now satis- 
factorily kept under control by treatment with zinc compounds, though pecan 
rosette has in the past led to the abandonment of hundreds of acres. Pecan 
rosette is also known in Australia. 

The disorder of tung trees {Aleurites fordii and A. montand) known as ‘ bronzing ’ 
in Florida was regarded as of minor importance in the early days of the cultivation 
of these trees, but became increasingly prevalent and severe as time elapsed. The 
first visible symptom is a bronzing of a few or many leaves, coupled with a deforma- 
tion of the terminal ones on the twigs. The leaves become progressively smaller 
and more malformed and may be crowded into rosettes. The colour deepens to 
dark bronze and parts of the leaf blades die, leaving a ragged appearance. Control 
by zinc sulphate has been effective, whether applied to the soil or used as a spray. 
Besides Florida and Louisiana, ‘ bronzing ' of tung trees has also been reported 
from South Africa. A few cases of disease symptoms ascribed to zinc deficiency 
have been reported in forest and shade trees, both conifers and broad-leaved 
trees. 

In herbaceous plants records of zinc deficiency, so far, are scanty, but pot- 
culture work and some field studies indicate that more are to be expected. Thus, 
though the effects of zinc deficiency have not been observed in potatoes in the 
field in Holland, characteristic symptoms have been produced in cultures. In 
Queensland, a pineapple disease known as * crookneck ’ responded favourably 
to treatment with both copper and zinc, but the former when used alone only 
delayed the symptoms, whereas when zinc was added to the copper they were 
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prevented. In South Australia, many light soils that are deficient in copper show 
a less important deficiency in zinc, the crops affected including oats ^3). Symptoms 
of zinc deficiency are stated to be visible in beans, cowpeas, millet, and other 
plants in Florida, and the serious disease of maize known as ‘ white bud ’ in the 
same State has been cured by applying lo to 20 lb. zinc sulphate (89 per cent.) 
per acre. White bud has been experimentally induced in maize by growing the 
plants in soil from a peach orchard severely affected with little leaf and was 
prevented when zinc sulphate was added to the soil. It is marked by a white 
to very pale-yellow coloration of the unfolding buds of seedlings and a chlorotic 
streaking and spotting of the older leaves. 

Causes of Zinc Deficiency Symptoms in Plants 

Soils usually contain very little zinc but what little there is appears to be essential 
for the proper development of plants, though plants seem to vary widely in their 
requirements for this element. As in so many of the other essential trace elements 
the amount available to the plant is more important than the total soil content. 
Soluble zinc is readily leached from open sandy soils but becomes partly fixed 
in clay soils or those with a high humus or marl content. Phosphates increase the 
fixation of zinc. 

There is some evidence that soil micro-organisms may be responsible for 
rendering zinc unavailable to plants ; bacteria have even been isolated from affected 
soils which, when added to a complete culture solution containing sufficient zinc 
to give a healthy growth (0 023 p.p.m.), caused white-bud symptoms to appear 
in maize. Increasing the zinc to 0 046 p.p.m. or injecting zinc sulphate into the 
stem prevented the symptoms. 


COPPER 

Among the group of crop disorders which became increasingly prevalent in 
Germany, Scandinavia, and Holland owing to the active measures taken during 
modern times to reclaim peat moor, swamp, and polder soils, that which eventually 
became widely termed ‘ reclamation disease ’ is one of the most important. Know- 
ledge of these diseases is largely due to the fine work of soil scientists and biologists 
in Holland. In that country, though the diseases themselves had been recognised 
earlier, it was first clearly established between 1923 and 1925 that there was a 
sharp distinction between the three main physiological diseases of crops cultivated 
on alkaline or acid-reclaimed or poor soils, namely, the Veenkolonialc disease 
(grey speck), controllable by manganese, the Hooghalen or ‘ soil acidity * disease, 
now known to be associated with deficiency of magnesium, and the black-peat 
disease, or Ontginningsziekte (Urbarmachungskrankheit, or ‘ reclamation disease * 
of Germany). A similar conclusion as to the distinctive character of the three 
diseases was reached in Germany in 1925. 

In Germany reclamation disease has been long known in oats under the name 
Weiss-seuche ; it is found in the north mostly on podsolised acid dry peats over- 
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lying sand, with ling (Calluna vulgaris) as the dominant plant. Low-lying swampy 
bogs or marshes, however, are not immune, nor is there any close correlation with 
the peat-forming plant association. In Holland the ‘ black peat disease *, as it 
was at first termed, was described in 1923, when it was stated to be confined to 
peat soils reclaimed from moors and heaths ; these peats were mostly black and 
amorphous, sometimes, with up to 30 per cent, humus, and, as in Germany, both 
dry sandy moors and marshy bogs or swamps were eventually found to be affected. 
In Denmark the disease was at first restricted to reclaimed Calluna heaths in 
Jutland. Both in northern Sweden and in Poland extensive reclamation schemes 
undertaken about 1924 showed early signs of similar trouble, not only in the cereals 
but also in the meadow and pasture grasses that were established on the reclaimed 
peat ; these included timothy (Phleum pratense) in both areas, and Poa trivialis 
and Agrostis stolonifera in Sweden ; Norway, France, and Switzerland have also 
reported the disease, and it is hardly likely that it is absent from Great Britain. 

By 1937 it was estimated that the soils liable to reclamation disease covered 
50,000 hectares in north-western and eastern Germany, the provinces affected 
being mainly Schleswig-Holstein, Hanover, and Oldenberg but lesser areas 
being found in the Lower Rhineland, Westphalia, Mecklenburg, and elsewhere. 
As soils in north Germany, known to have been under cultivation for 80 years, 
were found clearly affected and similar trouble was reported on land cultivated 
for 300 years, while in Jutland the cases were seen in land reclaimed 20 to 50 
years earlier, the term ‘ reclamation disease ’ does not imply that the trouble is 
only to be expected on newly reclaimed land. 

Wheat, barley, and oats are all susceptible, but reclamation disease is seen 
most frequently on oats as the cereal most commonly grown on these peat soils. 
The moderately susceptible crops include swedes, turnips and other cruciferous 
crops, carrots, field peas, broad beans (Vida faba), certain grasses, lucerne, and 
red clover (Trifolium pratense). Potatoes, mangolds, some pasture grasses, and 
white clover (T. repens) are resistant, while rye is the least liable of the cereals, 
winter rye usually showing no symptoms until the spring, while spring-sown rye 
may escape altogether. 

In cereals the chief symptoms of reclamation disease is a whitish or yellow 
discoloration of the tips of the leaves. In oats the tips and edges of the leaf tend 
to be whitish and papery, and affected fields show a pale shimmer from which 
the old German name of Weiss-seuche was derived. Unlike grey speck, the 
symptoms of which are most evident in the juvenile stage of the crop, reclamation 
disease reaches its height as the plants mature. No symptoms may be visible 
before 4 to 6 weeks or the early leaves may show a greyish-white to reddish-brown 
colour and dry up prematurely. In barley the discoloration of the leaf tips is more 
yellow, hence the names ‘ Gulspidssygen ' (Denmark) and ‘ Gulspetssjuka ' 
(Sweden), both meaning ‘ yellow tip disease \ Wheat and rye resemble oats, the 
leaves of wheat showing pronounced elongated white strips. In all the cereals 
turgor is reduced and there is an increase in the straw-to-grain ratio. In oats the 
glumes are loose, whitish or brown, under-developed and unravelled. In severe 
cases panicles are not formed : if formed they carry few and light grains, A 
notable feature of affected oats is the excessive tillering due to the production of 
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fresh green shoots from lateral buds ; these may continue to form even in the 
stubble, but they come to nothing. In mild cases affected cereals may have few 
leaf symptoms but the ears tend to be ‘ deaf ’ and the grain-to-straw ratio is 
reduced. 

Red clover, which is severely damaged, shows pallor of the leaves sometimes 
accompanied by a dry, brown spotting, spreading inwards from the margins, with 
abnormally large basal leaves and loose, scanty, flimsy heads, developed later than 
usual. Swedes and turnips are markedly stunted, with large yellowish-white 
patches spreading inwards from the leaf margins. In peas the symptoms are 
somewhat similar, the basal leaves first showing a yellowish discoloration, after 
which those at the tip wilt and shrivel. Broad beans have less marked symptoms, 
the onset of which is more gradual than in peas. In timothy grass the leaves dry 
up before flowering occurs ; permanent pasture grasses, however, seem to be 
slower than annual crops to show the ill-effects of reclamation disease, presumably 
because their more gradual development fits them better to use small amounts of 
necessary nutrient elements, though a tendency to the gradual dying-out of the 
more desirable pasture grasses in certain reclaimed soils has been attributed to 
this disease. 

In the low-lying raw peat soils of the Florida Everglades, as well as in marsh 
soils in Russia, failure of various crops from causes that seem to be identical with 
those inducing reclamation disease have been reported. In the Florida soils it 
proved impossible to grow a wide variety of crops until the copper treatment was 
introduced. 

Another large area in which cereal and other crops suffer from a disease due 
apparently to the same cause as reclamation disease in Europe occurs in South and 
Western Australia. It was described in 1938 as affecting wheat, barley, and oats but 
not rye, on alkaline, calcareous, blown-sandy soils, in South Australia. The leaves 
of the affected plants droop, there is much withering, curling, and dying off of the 
tips, and if heading occurs at all the ears fail to mature. Improved pasture grasses 
that were under test on these soils were also much injured, and trials with lettuce, 
turnips, and broad beans gave a poor stand and much reduced yields. In Western 
Australia a very severe form of the disease was reported in 1940, on marly peat 
soils, acid swamp soils, and sandy brown soils. In these areas it is not uncommon 
to find cereal cultivation quite impossible without treatment, and tests showed 
that the yield of potatoes and various truck crops was also reduced. In certain 
of the marly soils manganese is also deficient, as is seen especially with potatoes 

At first, the control measures recommended against reclamation disease included 
the application of clay which, at the rate of 100 cubic metres per hectare, gave 
good results and was strongly advocated in Sweden, and heavy dressings of urban 
refuse or compost, with or without sewage, which were effective in Holland. In 
1925, however, it was reported in Holland that great benefit followed the applica- 
tion to affected peat soils of copper sulphate, and tests of this treatment in all the 
affected areas rapidly substantiated this claim. Tests over a number of years in 
northern Europe indicate that reclamation disease in oats can be prevented by 
soil applications of 50 to 100 kg. copper sulphate per hectare, the heavier amount 
being advocated in Holland if the soil is rich (over 8 per cent.) in humus. In 
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Germany the standard rate of application seems to be 100 kg. per hectare, and in 
1937 it was calculated that adequate treatment of the area liable to reclamation 
disease would require an annual consumption of i ,275 metric tons of copper sulphate. 
In Denmark the application of 50 kg. per hectare is recommended, increased 
yields of barley and oats averaging about 500 kg. per hectare having been obtained 
from this treatment in a series of 249 experiments ; it was reported in 1934 that 
the disease was waning in Jutland as a result of treatment with copper sulphate. 
In Sweden the oat yield was trebled with an application of 100 kg. copper sulphate 
in 1936, and the fertiliser recommended for use on reclaimed peat is 200 kg. 
superphosphate, 150 kg. potash, 200 kg. sulphate of ammonia, and 100 kg. copper 
sulphate, which is stated to have proved notably successful in securing good crops. 
I^esser amounts of copper sulphate (20 kg. per hect.) have proved adequate to 
check the loss of the meadow grasses on reclaimed peat bogs in Poland, while in 
Western Australia, where the soil conditions under which the disease occurs may 
be very different from those in Europe, 1 5 lb. copper sulphate per acre has proved 
sufficient to give a crop of 25 bushels of wheat per acre where none was harvested 
without treatment ; larger applications or the addition of manganese, zinc, or 
magnesium to the copper did not appreciably improve the results. In further 
experiments in Western Australia quite good results have been obtained with only 
5 lb. copper sulphate per acre when used with i cwt. superphosphate. Yields of 
potatoes and truck crops were also improved by this treatment. The beneficial 
effects of copper sulphate applications have been observed in Denmark and 
Germany to last for three or four years. 

More recently an effort has been made in Germany to replace valuable copper 
sulphate by relatively worthless low-grade, copper-containing ores and slags. 
Large quantities of these are required, up to 900 or 1,000 kg. per hectare, as the 
copper content of some that were tested was only 0-41 per cent. Other elements 
present included zinc (1*9 per cent.), manganese (0 33 per cent.), and magnesium 
(0*50 per cent.), all of which might be useful, but the presence of 0-14 per cent, 
lead suggests that their employment may not be free from danger. 

Marked varietal resistance to reclamation diseases has been observed in oats 
and barley. Black oats as a class are more resistant than the white, and several 
varieties are known which can be cultivated satisfactorily on soils liable to the 
disease ; these include some that have been bred specially for moorland cultivation 
in Sweden, Germany, and Holland, and that also resist grey speck, as well as the 
American Black Mesdag, Avena strigosa is very highly resistant. There is some 
indication that resistant varieties are capable of extracting more copper from the 
soil than susceptible ones but none that the copper requirements of the two 
categories of plants differ. Some of the resistant varieties have given better yields 
without treatment than can be obtained from good susceptible varieties given 
heavy applications of copper sulphate. In barley the 4-rowed types include some 
that are resistant to reclamation disease. 

Histologically copper-deficient oats in Western Australia were found to have 
a thin-walled epidermis with poorly developed cuticle, thin-walled unlignified 
cells with few fibres in the cortex, and thin-walled bundle-sheath and pith cells. 
The leaf mesophyll was less differentiated than normal, with small and compact 
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cells. Hairs were reduced in number on the leaves and roots. In the yellow 
areas the chloroplasts were disintegrated and the cells contained brown tannin-like 
bodies. 

A chlorosis of deciduous fruit trees curable by soil applications of copper 
sulphate at the rate of | to 2 lb. per tree was reported from South Africa in 1932. 
Peach, apricot, and plum trees showed a marked yellowing of the leaves, the 
interveinal areas of which were very pale green to bright yellow. Terminal growth 
ceased and rosettes formed at the tips of the twigs, which then died back, while 
lateral buds sprouted lower down. Little or no fruit was borne. In apples, chlorosis 
was often absent but the other symptoms were marked, while pears showed 
scorching of the apical leaves and die-back. The soils affected were deep, acid, 
sandy or sandy-loam, with a varying (poor to rich) humus content. The chlorosis 
was reported in 1934 to be very severe in peaches but was remedied by doses of 
copper sulphate sufficient to give 20 p.p.m. copper in the soil. 

' In Western Australia a similar apple disease known as ‘ wither tip ’ or ‘ summer 
die-back ’ has been known for many years, chiefly in orchards on leached soils or 
those ordinarily carrying Eucalyptus diversicola forest. Soil applications of 2 lb. 
copper sulphate per tree, as well as trunk and branch injections and spraying the 
leaves with copper compounds effected a marked improvement ; zinc and 
other elements tested were ineffective. 

In California, Bartlett pears are very prone to a disease termed exanthema, 
though in its general symptoms it resembles the die-back disease of South Africa 
and Australia more closely than the better-known exanthema of citrus. The 
terminal leaves and shoot tips die back, necrosis (marked by brown-orange stria- 
tions) starting at the tip and margins of the leaf and extending inwards. By the 
end of the summer three-quarters of the current year’s growth may be killed, and 
eventually the trees have a dense bushy appearance due to proliferation of dor- 
mant buds. Little or no fruit is borne. Affected trees respond rapidly to soil 
applications, injections, or sprays with soluble copper compounds, other heavy 
elements being ineffective. Analyses showed that the affected trees were deficient 
in copper. Apples are also affected in California, the symptoms being similar to 
those on pears. In plums, exanthema has been reported from California and 
Australia, the disease in this fruit more closely resembling exanthema in citrus 
in that, besides the die-back and resulting growth habit, gummosis is a marked 
feature. Olives are also affected in California, and avocados in Florida. 

Exanthema in citrus was described from Florida as far back as 1896 and has 
since been recorded from almost all citrus-growing countries. As early as 1917 
the beneficial effect of copper salts on the incidence of the disease in Florida was 
reported, while in Western Australia it was stated in 1925 that favourable results 
followed soil applications of copper sulphate, the spraying of the leaves with 
Bordeaux mixture and the introduction of copper sulphate in solution of i oz. 
to the gallon through the roots, though considerable injury was caused to the trees 
by the latter treatment. In New South Wales, where the disease has been known 
since 1909 and was regarded as the most important citrus disease of the coastal 
regions, both Bordeaux mixture spraying, and soil applications of copper sulphate 
given in 1927-8 practically cured the disease. Investigations reported from Cali- 
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fornia in 1935 showed that the leaves of affected citrus trees contained less copper 
than normal and that the disease occurred in soils deficient in copper. 

The changes induced by copper deficiency are more remarkable in citrus than 
in any of the other plants in which it has been studied. The dominant symptom 
is a widespread gummosis : gum pockets form in the young shoots and cause 
blister-like swellings from which an amber-coloured gum exudes, gum-smears 
show on the stems and brown gum-soaked areas develop in the fruit, which often 
remains pale yellow. With the gummosis are associated deep-seated leaf changes, 
many affected plants producing ‘ giant ’ leaves here and there and the foliage 
assuming a deep-green colour, though some leaves show considerable chlorosis or 
‘ frenching \ Affected trees are stunted, the shoot internodes are shortened, a 
bushy growth of lateral dormant buds takes place, and there may be considerable 
die-back and fruit drop. Severely affected trees may produce no marketable 
fruit year after year. 


Causes of Copper Deficiency Symptoms in Plants 

As in the other deficiency diseases already discussed, there is evidence that, 
while there may sometimes be an actual deficiency of copper in the affected heath 
moor soils, the element is often present but unavailable, especially in marshy 
soils. There is no doubt that the copper content of affected cereals is lower than 
normal, and in Holland livestock on affected pastures or fed with hay from them 
suffer from ‘ licking disease ’ which is alleviated by providing copper sulphate 
‘ licks Fixation of copper is known to be high in heath soils and appears to depend 
on some humus constituent, though fixation by bacteria has also been suggested 
From the black peats gliede ’) of Holland an organic substance termed ‘ gliedine ' 
has been isolated which, when added to soil in which healthy oats and peas were 
grown, produced typical symptoms of reclamation disease. It has been suggested, 
however, that gliedine acts not by poisoning but by fixing copper. A method of 
measuring approximately the availability of copper in soils has been based on the 
colour changes produced in the spore heads of Aspergillus niger by varying amounts 
of copper ; if an adequate quantity is present, the heads are black, but they change 
to brown and yellow as the amount of available copper gradually diminishes. 
That reclamation disease is due to actual copper deficiency in the crop is supported 
by analyses, by the results of water cultures which showed that the symptoms could 
be produced when copper was withheld, by the beneficial effect of applying 
soluble copper compounds directly to the foliage, and by the fact that no crop 
injury results from adding 100 kg. copper sulphate per hectare to humus-rich 
moor soils with a high power of fixing copper, whereas even 50 kg. may cause 
injury on sandy moors low in humus. 

Copper deficiency disorders appear in northern Europe to be more closely 
restricted to certain soil types than those due to deficiencies of manganese or 
magnesium. Reports generally agree in associating reclamation disease with 
colloidal or amorphous types of peat, especially those that tend to be saturated in 
winter and dry out in the summer. The beneficial effect of clay, which has not 
been called into question, may depend on some alteration in the physical properties 
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of the soil, and the suggestion has even been made that copper sulphate acts not 
by correcting a copper deficiency but as a coagulant of the peat colloids, so that 
the capillary system of the soil is opened and the movement of the soil moisture 
is facilitated. Green manuring and improved tillage are advocated in Germany 
and may have similar effects. Another hypothesis advanced to explain the action 
of copper is that it regulates the oxidation-reduction potential of the soil by acting 
as a catalyst to activate oxidation. In the absence of an oxidation activator the 
reduction processes in the types of soil affected by reclamation disease may lead 
to the accumulation of toxic substances (e.g. ferrous iron). Soil reaction is not 
an important factor, but there are many reports that liming promotes reclamation 
disease. 

While the action of copper on the soil and in the plants suffering from re- 
clamation disease is not yet clear, the necessity for available copper seems to have 
been established by the characteristic symptoms produced in oats, beet, and other 
plants by growing them in water or sand cultures without copper and their cure 
when copper was added. It has been suggested that copper is necessary for the 
formation of chlorophyll in sugar beet. 


MAGNESIUM 

Of the three main diseases intensively studied in Germany and Holland from 
about 1922 onward, as a consequence of the attention being given to the cultivation 
of poor or reclaimed soils, that termed ‘ Hooghalen ’ disease in Holland and soil 
acidity disease in Germany was the last to be associated with deficiency of a par- 
ticular element in the soil. Manganese and copper were established as the elements, 
deficiency in which led to the development of grey speck and reclamation diseases 
respectively, before there was any suspicion that the so-called soil acidity disease 
was also a deficiency disorder, the element involved being magnesium. 

Soil acidity disease began to attract attention in Germany in 1920 and was 
described in 1923. Coincidentally it was reported as a new disease in Holland. 
In 1931 magnesium deficiency was recognised in Germany to be responsible for 
a diseased condition of cereals, and in 1932 the similarity of the symptoms of soil 
acidity disease in that country and of those of the tobacco and maize disease 
termed ‘ sand drown ’ in the United States was pointed out. Work in the United 
States had previously established that ‘ sand-drown ’ was a magnesium-deficiency 
disorder. 

The symptoms of the soil acidity disease in its most typical form on cereals are 
characteristic. The foliage is of a distinctive yellowish-green or livid colour, 
with longitudinal pale green to white mottling of the leaves between the veins, 
the resulting striations resembling the stripes on the skin of a tiger. The leaf 
tips are often reddened and in-rolled ; in rye the mottling may be yellowish to 
brownish, and the whole blade may fail to unfurl, so that newly formed leaves 
are held tightly enclosed. Reddening may also occur at the base of the haulm 
and in the centre of the nodes. The roots are elongated and have few root hairs. 
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The disease is most evident in Holland in light acid soils. Most of the soils 
in which magnesium deficiency symptoms have been encountered are easily 
leached, and it is probable that an actual deficiency of magnesium rather than its 
unavailability to the plant is involved, though the antagonism of other ions in the 
soil may play a part. Complete control of the Hooghalen disease by soil applica- 
tions of 80 kg. magnesium sulphate per hectare has been reported. 

Grain crops have been reported in New Brunswick to suffer from a similar 
disease, and control has been effected in certain cases by soil applications of mag- 
nesium sulphate. In the United States maize was one of the first crops observed 
to suffer from sand drown, the symptoms being more like those reported in cereals 
suffering from soil acidity disease in Europe than those found in tobacco in the 
American disease to which the name ‘ sand drown ’ was first applied. Applica- 
tions of magnesium compounds equivalent to 20 to 40 lb. per acre, according to 
the soil conditions and degree of leaching, gave effective control. In Texas the 
rice disease termed ‘ white tip ’ also appears to show a resemblance to soil acidity 
disease. White chlorotic areas appear at the leaf tips and spread backwards over 
about half the blade, the tip meanwhile drying up. When the flag leaf is affected 
the panicle is held tightly enclosed and has difficulty in emerging ; the ear is 
distorted and sterile or with only few grains. Soil and water cultures of rice 
indicate that similar symptoms result from withholding magnesium, though it 
was necessary to add calcium as well as magnesium (27 p.p.m. of each) in order to 
restore normal growth. 

A chlorosis of tobacco and other crops on light sandy soils liable to heavy 
leaching in the South Atlantic Coastal Plain of the eastern United States was 
described under the name ‘ sand drown * in 1922. In tobacco the chlorosis usu- 
ally begins at the tip and margins of the older leaves and then spreads inwards and 
downwards and also to the younger leaves. The interveinal spaces are blanched 
but the main veins and adjoining area remain green. When ‘ cured ^ the leaves 
are dull, faded, thin, light, and lacking in elasticity. 

Sand drown, which has also been reported in Canadian and Nyasaland tobacco 
crops, is amenable to control by magnesium compounds — ^the sulphate or chloride 
as well as dolomitic (magnesium) limestone. The amount of magnesium required 
is usually about 20 lb. per acre. Organic manures which contain appreciable 
quantities of magnesium have also given good results. The symptoms have been 
produced in pot cultures deficient in magnesium, but in water and sand cultures 
certain differences have been observed which have led to some doubt whether 
magnesium deficiency alone accounts for the disease, though adequate magnesium 
is certainly essential. The quantity of magnesium that must be present in the leaf 
for normal functioning appears to be about 0*25 per cent, of the dry weight. 

Soya beans were found to suffer from a disease resembling sand drown in tobacco 
and equally amenable to control by magnesium applications, in the same area 
in which the tobacco disease was observed. In this area, and further north, potatoes 
in acid leached soils have been extensively affected by a chlorosis of the lower 
leaves which in severe cases turn brown and become thickened and hardened. 
A similar disease has been observed in Canada. In eight years’ experiments in 
Maine effective control of this disorder in potatoes was given by magnesium 
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applications sufficient to supply 25 lb. magnesium oxide per acre. In 1934 yields 
were increased by over 30 bushels per acre by this treatment. In Rhode Island 
an increase of 100 bushels per acre with 100 lb. magnesium sulphate was reported 
in 1934, and it was stated that the sulphate, hydrate, or magnesium limestone 
were all equally effective if, at least, the equivalent of 25 lb. magnesium oxide were 
applied. In Canada an equivalent of 20 lb. magnesium oxide has been reported 
to give good results. 

Sand drown has also been found to affect cotton in South Carolina, the chlorosis 
in this crop being followed by the development of a red colour in the leaves. 

A disease of young cabbages and cauliflowers characterised by yellowish or 
yellowish-green blotches between the veins was reported on very acid magnesium- 
deficient soils in New South Wales in 1937. A similar cauliflower disease was seen 
in the United States that year, while at Long Ashton cauliflowers, brussels sprouts, 
and cabbages were affected in 1940 ^^7). in the young seedlings the early formed 
leaves are thick, brittle, and in-curled. In older plants the yellow blotches coalesce 
to form bands between the still green veins, and the affected leaves (usually only 
the lower ones) are stiff, thickened, distorted, and eventually bronzed. These 
leaves are shed and the head (in cauliflower) is much reduced in size. The mag- 
nesium content of the leaves was found in Australia to be lower in diseased than 
in healthy plants, and control has been effected in America by heavy applications 
(not less than 300 lb. per acre) of magnesium oxide. 

Magnesium deficiency is considered to be responsible for one of the ‘ yellowing ' 
diseases to which sugar-beet is liable in northern Europe. Beet grown in soil 
known to be deficient in magnesium in Belgium shows an interveinal chlorosis of 
the outer and middle leaves. These symptoms have been produced in sand and 
water cultures deficient in magnesium, the plants dying in about two months 
if the deficiency is severe. Heavy dressings with potash are stated to promote the 
disease. 

Magnesium deficiency diseases also occur in fruit and forest trees. Defi- 
ciency in magnesium, as in zinc and copper, is responsible for a characteristic 
disease of citrus trees in the United States, where the magnesium deficiency 
disease is termed ‘ bronzing It begins as a yellow chlorosis of the early spring 
flush of leaves, the youngest leaves escaping discoloration. This changes to a bronze 
colour, which is more pronounced as the magnesium content of the leaves is 
lessened and thecalcium-to-magnesium ratio increased. The addition of magnesium 
to the complete fertiliser used for citrus has decreased the disease. In culture 
work in California it was found that magnesium deficiency in citrus caused a 
yellow striping along the dark-green midrib, followed by a general bronzing of 
the leaf. 

Magnesium deficiency in fruit trees in acid sandy loam soils in England was 
reported in apples and black currants in 1939 and soon afterwards in plums and 
gooseberries. In apples the pale-green interveinal areas suddenly turn brown 
and dry out. In some cases the foliage assumes a purplish colour. Black currants 
show well-marked patterns, usually in red, on the upper leaf surface. In plums 
the chief leaf symptoms are interveinal chlorosis and marginal scorching, followed 
by defoliation. The leaves are very thin and tend to form the absciss layer pre^- 
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maturely ; this is probably why the affected apples and gooseberries were found 
to be very liable to spray injury. Older leaves are always the first to show symptoms. 
These appear in pot cultures if there is less than 0 40 per cent, magnesium oxide 
in the dry matter of the leaves, and it may require two or three seasons before 
the beneficial effects of magnesium dressing are evident. Clear indications were 
obtained that magnesium requirements are increased when liberal supplies of 
potassic fertilisers are given. 

In New Zealand, magnesium deficiency has been found to cause a serious 
disorder of apples in acid leached soils. Varieties differ considerably in the re- 
sultant leaf symptoms : in some the interveinal spots found usually towards the 
centre of the leaves, progressively from the base towards the tip of the current 
season’s leader, rapidly turn from light or greyish green to purplish or dark brown, 
in others the chlorosis is more like that described elsewhere. Premature defoliation 
follows, so that only a tuft of green foliage is left at the tip of the shoot. This was 
most marked where the trees had been liberally fertilised with potash. Both the 
size and colour of the fruit are diminished. A correlation was established between 
the intensity of expression of the symptoms and a low magnesium content of the 
leaves. Cures were effected by the injection of a 0 25 per cent, solution of mag- 
nesium sulphate into the wood. 

In Canada also severe cases of injury to apples from magnesium deficiency 
have been seen in recent years, especially after heavy leaching rains. In some 
varieties the leaves are marked by wide yellow bands alternating with the narrow 
green ones along the veins. In others, blotches form at the leaf margin and the 
interveinal strips dffS early ; leaf rolling and defoliation follow. In others again 
the tendency is for the whole leaf to become blanched. The soils affected are 
dark brown and very acid, with little calcium or magnesium, but while the leaves 
had a low content of magnesium, their calcium was about normal. 

Studies carried out in South Africa by the East Mailing injection technique 
mentioned below, indicate that deciduous fruit trees in the Western Cape Pro- 
vince suffer not infrequently from magnesium deficiency. 

In forest trees the only disorder hitherto attributed to magnesium deficiency 
is a ‘ yellow tip ’ disease of conifers (pine and spruce) in Germany, reported in 
1937. In pines the needle tips turn reddish brown, in spruce pale or livid green. 
Control has been effected by the application of 180 lb. per acre of sulphate of 
potash-magnesia. 

Causes of Magnesium Deficiency Symptoms in Plants 

Low available magnesium in the soil appears to be seldom found except in 
sandy soils liable to leaching and usually strongly acid. The outbreak in brassicas 
at Long Ashton followed a July rainfall of nearly 8 inches. In the area along the 
Atlantic seaboard of the United States in which sand drown is most prevalent, 
the affected soils have less than 0 2 per cent, of magnesia. The element is a 
constituent of the chlorophyll molecule, but the degree to which chlorosis is 
induced by its lack differs considerably from one species of plant to another. 
Limiting values of 0*25 and 0*4 per cent, of the dry matter of the leaf have been 
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given for different plants. Tests of 17 crops in Massachusetts reported in 1935 
indicated that buckwheat and spinach were the most sensitive, followed by turnips, 
mangolds, maize, and tobacco. Clover and potatoes were stated to be less affected, 
but water and sand cultures in Holland showed that magnesium deficiency caused 
very severe symptoms in the latter crop, the older leaves varying from almost 
pure white to pale yellow according to the scarcity of the element. Sand cultures 
of a wide range of greenhouse ornamentals showed that, in general, magnesium 
deficiency causes reduced rate of growth, chlorosis of the older leaves, yellowing 
followed by abrupt necrosis of the interveinal areas, with puckering and shedding 
of the leaves in some species, a scarcity of roots, and poor coloration of the flowers. 

There have been a few reports of increased susceptibility to fungal diseases 
(e.g. Septoria nodorum in wheat) as a concomitant of magnesium deficiency. 


SULPHUR 

Very few cases of symptoms of disease attributable to sulphur deficiency have 
been reported and only one of these, that affecting tea in Nyasaland, has been 
studied in any detail. 

Tea growing in dark-brown friable soil of lateritic origin in Nyasaland was 
reported in 1927 to be suffering from a disease, ‘ tea yellows which was at first 
attributed to Botryodiplodia theobromae. The rainfall in the affected areas varies 
from about 60 to 100 inches annually, and heavy falls, amounting to as much as 
8 inches in twenty-four hours, sometimes occur. Analyses indicate that the 
affected soils are not inferior to good tea soils in other countries. 

Fields suffering from the disease are recognisable by their yellowish appearance, 
due in the early stages to the development of a pale-green to yellow interveinal 
mottling of the leaves, separated by a network of green veins. The progress of 
the disease is slow : the yellowing becomes more generalised, though the green 
veins remain prominent for a considerable time ; the leaves are reduced in size, 
narrowed, with upturned edges, stiff and brittle ; their tips and margins may 
become necrotic and turn dark brown. The internodes are shortened, the shoots 
become thin and weak, and severe defoliation sets in until often only the youngest 
leaves are left as tufts at the end of the twigs. At the same time lateral buds lower 
down proliferate into stunted shoots with very small yellow leaves. A progressive 
die-back occurs and death of the bush may follow in a few years after the first 
symptoms are seen, or the defoliated bushes may survive with the production of 
weak basal shoots for a considerable period. The lateral feeding root system of 
young plants is often poorly developed, especially in the upper layers of the soil, 
but the older bushes show little disorganisation of the roots except that in severe 
cases they are usually depleted of starch. 

Histologically, the small yellow leaves of affected shoots show an arrest of 
development ; their palisade cells are poorly differentiated and the mesophyll 
consists of crowded, rather uniform cells, with thin walls and much reduced 
intercellular spaces. In the Chlorotic early stages, the chloroplasts are reduced in 
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size and number, and they degenerate completely in the later stages. 

After it was shown that yellows was not due to fungal infection, tests with 
fertilisers were carried out. These indicated that no benefit resulted from the 
ordinary nutrients, nitrogen, phosphorus, and potash, but that when sulphates 
were present recovery was initiated. Further investigation established that sulphur 
applied either alone or as the sulphates of ammonium, potassium, sodium, or 
magnesium always effected a marked improvement, badly diseased plots giving 
as much as 85 per cent, improvement after treatment. Applications of sulphur- 
containing fertilisers to virgin soil in this area resulted in the establishment of 
uniformly healthy bushes, whereas without treatment an average of 36 per cent, 
yellowed plants was found, in particular fields examined in 1931, after the first 
year’s growth. 

Water cultures confirmed these results. Exactly similar symptoms to those 
observed in the field appeared when sulphur was withheld. I.eaf analysis indicated 
that the chlorotic leaves, especially the younger ones, contained less sulphur than 
the healthy. Nevertheless the soils concerned do not appear to be seriously deficient 
in sulphur, as those examined contained on the average 0 031 per cent., which is 
within the range normally found in the soil. The action of sulphur applications 
in the control of the disease, therefore, is as yet unexplained. 

Since the use of sulphur-containing fertilisers has become general in the areas 
affected, the ‘ yellows ’ disease of tea (which has also been doubtfully reported 
from Tanganyika) has ceased to be a serious trouble in Nyasaland. 

Tests with tobacco, which is extensively cultivated in Nyasaland, showed that 
it is also subject to the yellows disease when grown in the affected tea areas, and 
that applications of sulphur prevented the disease. In the United States an unusual 
form of yellowish, apical chlorosis of the upper few leaves of topped tobacco plants, 
observed in 1934, is tentatively attributed to the same cause The disease 
occurs in hard, cracked, hilly soils subject to erosion. Affected leaves show a 
greyish-yellow discoloration of the tips, sometimes extending well down along 
the margins ; in these cases the sulphur content of the tissues was reduced, 
the magnesium, phosphorus, and calcium being also low. On ‘curing’, the 
colour turns chamois yellow, or honey yellow, instead of the normal brown. 
Another possible case of sulphur deficiency has been reported in rice in Burma, 
where yellow stunted plants were restored to normal health when treated with iron 
or copper sulphate or sulphuric acid, while the chlorides of iron, manganese, or 
sodium and ammonium nitrate had no effect. A combined deficiency of nitrogen 
and sulphur has been reported in sugar-beets grown for seed in Oregon, where 
the addition of sulphur alone had no effect on the yield but sulphur plus nitrogen 
cured the condition Culture work on the symptoms of mineral deficiencies 
in tobacco has shown that lack of sulphur induces a chlorosis in which the veins 
are paler than the interveinal areas ; this unusual symptom has also been reported 
in sand cultures, lacking in sulphur, of a wide range of ornamental green-house 
plants tested in the United States. In soya beans, sand cultures without sulphur 
gave stunted plants with* yellowish-green leaves and small leaflets, the upper 
foliage being the first to be affected. The stems were thin, hard, and bare from 
shedding of the lower foliage. Root development was poor, but the root system 
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was less stunted than the green top. Sunflower, kale, rape, and mustard were 
similar, but in tomato the lower leaves were the first to turn yellow. In coffee, 
the effect of sulphur deficiency has been studied in water cultures in Java ; the 
plants without sulphur had yellowish convex leaves and small thin roots. 

Several other crop diseases have been reported in which the application of 
sulphur or compounds containing the sulphate radical have effected an improve- 
ment. In some of these the influence of sulphur is doubtless to render available 
other minerals, as in the lime-induced iron deficiency chlorosis and in manganese 
deficiency diseases mentioned above. 


POTASSIUM 

It would lead too far to discuss the physiological disorders of crops inadequately 
provided with the major elements of plant nutrition, nitrogen, phosphorus, and 
potash, or the effects of a shortage of lime. The specific results of potash deficiency 
in certain cases, however, should be briefly referred to, since such characteristic 
diseases as scorch in fruit trees, ' rust ’ in cotton, ‘ rougeau ’ of the vine, and the 
like, have been traced to this cause. 

Intensive work on the causes and control of leaf scorch of fruit trees has been 
in progress at Long Ashton Research Station since 1913. Excluding the type 
due to the action of salt spray from sea winds, the bulk of the cases to be found in 
the south of England are associated with certain soils (‘ scorching soils ’) which 
occur in scattered patches of various sizes. These soils are, for the most part, 
light sandy or stony, but are sometimes light to heavy loams. In the scorched 
patches the foliage appears brownish from scorching of the leaf margins, most 
marked in dry summer weather. The affected plants are stunted, their root 
systems poorly developed, and the fruit reduced in size. 

In northern Europe a similar type of scorching has been a serious trouble in 
red and black currant, and gooseberry plantations, during the last twenty years 
or so, especially in Scandinavia, Holland, and Germany. Deciduous fruit trees 
are affected by leaf scorch in Australia and apples in Tasmania and Canada. 

While marginal scorch remains the predominant symptom in fruit trees, those 
affected in Australia often show an extension of the discoloration until only a 
small part of the centre of the leaf remains green. In Tasmania also, affected apples 
are marked by leaf spots in the interveinal spaces as well as by marginal scorch. 
Pot and field experiments in Holland showed that scorched red currants similarly 
develop dark purple scattered spots in addition to the marginal lesions. Peaches 
are reported ir\ the United States to have, in place of leaf scorch, a reddening of 
the leaf margin, which is inrolled towards the midrib, the leaf surface being much 
crinkled and tinted reddish ; plums also have this upward inrolling but the mar- 
gins are pale or brown, and in severe cumulative attacks growth is checked, and 
fruiting in young trees retarded In California, marginal leaf scorch in citrus 
trees is accompanied by gum exudations from the leaves and stem. 

In an extensive series of pot experiments at Long Ashton reported in 1928, 
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leaf scorch of gooseberry, black currant, and raspberry only occurred in the cultures 
deprived of potash. Since then evidence has accumulated that the primary cause 
of marginal scorch of fruit trees is lack of potash. Successful control has been 
effected in England by soil applications of potash, and in gooseberries by spraying 
the leaves with i per cent, solution of sulphate of potash. The soils at 23 affected 
centres in England were all found to be low in potash in the surface layers as 
judged by accepted agricultural standards. A reduction in the potassium content 
of the ash, and of the dry matter of scorched leaves has also been found. In Ger- 
many, good control of scorch in currants and gooseberries was secured in 1930-31, 
by soil applications of 150 gm. sulphate of potash per tree, and even half this 
amount effected a considerable improvement. In another series of German 
experiments, satisfactory control of scorch in red currants in poor soil was given 
by potash dressings (other than the chloride, which was injurious) sufficient to 
supply the equivalent of 65 gm. potassium oxide per plant. Though it has been 
stated in that country that scorch will appear in red currants when the potassium 
in the leaf falls below i per cent, of the dry matter, it is actually impossible to fix 
such definite limits, since the limiting values for scorch vary with the other con- 
stituents in the leaf. Scorch in red currants has been controlled in Holland 
and Denmark by dressings of 1200 and 500 kg. of sulphate of potash per hectare 
respectively. Fairly heavy potash dressings are stated to be necessary to prevent 
scorch in deciduous fruits in Australia, while in Tasmania, as in England, scorch 
is not found, as a rule, where adequate potash fertilisers are used. 

A close connection exists between the development of marginal leaf scorch 
and the water relationships of the soil and plant. When these are satisfactory, a 
low, available potassium content of the soil does not necessarily lead to scorch. 
Water-logging is a frequent precursor of scorch in England and Canada. In 
England scorch has also been induced by gradually drying out the soil and then 
wetting the foliage. It has been found that the marginal areas of affected leaves 
are first turned yellow by the destruction of chlorophyll during drying out of the 
cells, and browning only sets in when the dried tissues again reabsorb moisture. 
The proximate cause of scorch seems to be a sudden discontinuity in the trans- 
piration stream, which is local, and does not arise in the conducting system of the 
shoot. 

Another important factor in promoting scorch is a high ratio of nitrogen to 
potassium in the plant. The recognition of the importance of this factor has led to 
an increase in the practice of ‘ grassing down ’ orchards : grass takes up much of 
the available nitrogen in the soil and reduces its intake by the tree, but the risk 
of over-reduction leading to a shortage of nitrogen must be guarded against, either 
by judicious use of nitrogen fertilisers or by such measures as cutting the grass 
and restoring it to the soil by mulching around the trees. 

Varietal and root-stock effects on the intensity of marginal leaf scorch are 
evident in apples. Unworked stocks, as well as commercial varieties, differ con- 
siderably in their proneness to the disease, and while some varieties develop 
scorch on all stocks, others do so only on some, the dwarfing stocks being particu- 
larly liable to promote scorching. 

The effects produced by ‘ potassium hunger * have been described and illus- 
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trated in a great variety of other plants. In some of these, as in tea, marginal 
leaf scorch like that of bush fruit is caused and the leaves are shed. In others 
the symptoms are so characteristic that the diseases received definite names before 
their true nature was recognised, as for instance the well known * rust ’ in cotton 
in the United States, and ‘ brunissure ’, ‘ rougeau ’, and allied disorders of the 
vine in France, Tomatoes grown under glass in England suffer from disorders 
termed ‘ blotchy ripening ’ and ‘ green back ', one of the chief causes of which is 
lack of potash ; potash deficiency in tomatoes impedes the translocation of starch, 
accelerates blossoming, and lengthens ripening. In the blotchy fruit it is suggested 
that the sugars are used to build up the cell membranes instead of taking part in 
the normal processes of ripening, so that the trouble may be regarded as primarily 
due to a derangement of carbohydrate metabolism Symptoms similar to 

those of the destructive root rot (‘ mentek ’) of rice in Java have been given by 
withholding potash from the nutrient solution in which the plants were grown. 
The remarkable effect of potash in reducing cotton wilt (Fusarium vasinfectum) 
in certain areas in the United States has been attributed in considerable 
measure to the prevention of potash hunger, and it has also been claimed in Eng- 
land that potash deficiency, in certain cases at least, predisposes broad beans to 
chocolate spot {Botrytis cinered), which can be largely obviated by a dressing of 
1*5 cwt. per acre of muriate of potash Potash deficiency increases the tendency 
to flooding of the intercellular spaces of tobacco leaves under certain atmospheric 
conditions and is said thereby to increase their liability to wildfire {Pseudomonas 
tabaci) 


CALCIUM 

References to nutritional deficiencies of calcium in plants are not very numerous, 
this aspect of the agricultural importance of the mineral being far overshadowed 
by its role as a soil improver and its importance for farm livestock. 

Culture work in the United States and Holland has established that symptoms 
of disease are induced in a great variety of plants by withholding calcium from 
the medium in which the plants are grown. These symptoms have been described 
in tobacco, potato, citrus, peach, coffee, peas, beans, soya beans, and some fruit 
trees. In several plants much the same type of injury is said to be caused as results 
from lack of boron. In tobacco the first symptoms are seen in the bud or top leaves, 
which become diseased as they unfold and show a hooking-down of the tip of 
the leaf and deformation followed by death of the margins ; in severe cases the 
terminal bud dies. In potatoes the first symptom i^ the development of a pale- 
green band along the margins of the young leaves, which become wrinkled and 
do not unfold properly. In severe cases the failure of the young leaves to unfold 
becomes more general and the whole top dies. The tubers show the disease, 
which has been termed ‘ rusty spot ' or * medullary necrosis ’ and which is known 
as a field disease in the Dutch East Indies, Holland, and probably South Africa. 

Medullary necrosis was first described in 1926, under the name of rusty spot, 
as causing serious injury to potatoes in Java and Sumatra. There are no external 
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symptoms to mark the disease, but the tubers contain scattered rusty spots in the 
parenchyma internal to the vascular ring ; a more diffuse rusty discoloration 
develops from the stolon end and there may be similar lateral patches extending 
along inside the vascular ring. The necrotic cells have thickened walls and the 
spots become isolated by a cork cambium. The disease also occurs in Holland 
on poor, sandy, acid soils. Varieties differ somewhat in their reaction to it and in 
some (e.g. King Edward) it may cause hollows in the tuber. It can be readily 
distinguishable from the virus symptom known as ‘ net necrosis * and is also con- 
sidered to be distinct from, though having a certain resemblance to, ^ spraing \ 
Dutch workers think that the tuber disease known as * internal brown fleck ' in 
South Africa may be the same as medullary necrosis ; brown fleck is confined to 
acid sandy soils, on which it seems to affect all varieties. 

Heavy liming has been found to reduce considerably the incidence of these 
internal potato tuber discolorations in the Dutch East Indies, Holland, and South 
Africa : percentage reductions of affected tubers from 96 8 and 94 8 to 26 and 10*4, 
respectively, were obtained by liming in two experiments in the Dutch East 
Indies, the spotting being so reduced in the remainder that they were marketable. 
In these tests, and in South Africa, superphosphates also effected an improvement, 
but sulphate of ammonia increased the injury. 

There have been several reports of calcium-deficiency diseases of apple trees. 
Tests by the injection technique revealed the existence of this nutritional trouble 
in Devon some years ago, and more recently it was found widespread in deciduous 
fruit trees in South Africa. Apples in Queensland suffered from a disorder marked 
by the development of blotches on the leaves of Jonathans and of a wine-coloured 
tint on those of Gravensteins. In experiments on the control of this condition 
it was found that it practically disappeared after an application of quicklime, at the 
rate of two tons per acre, was given, and it is regarded as a calcium-deficiency 
disease. 

A physiological disease of cauliflowers in very acid soils in Long Island, in 
the United States, where it is known as ‘ whiptail and also in New South Wales, 
where it may spoil 20 to 50 per cent, or even sometimes all the plants, is also 
attributed to the deficiency of lime. The plants are stunted and show various 
malformations such as a strap-like narrowing and ruffling of the leaves, and loose, 
unmarketable heads with leaves coming through the curd. Satisfactory control 
has been geven by liming, the Australian cases sometimes requiring 1 1 to 2 tons 
per acre. A similar disease has been observed in cauliflowers and savoy cabbages 
in south-western England, apparently under quite different soil conditions. 


Causes of Calcium Deficiency Symptoms in Plants 

Calcium salts have been shown to promote the absorption of other nutrients 
by the roots of plants ; the presence of calcium ions can make others physiologically 
available, and when calcium is deficient in the soil, malnutrition may result from 
other nutrient ions being unavailable or even from their being leached from the 
roots. In the development of plant tissues calcium appears to be important mainly 
from the part it plays in the formation of the cell wall, particularly the middle 
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lamella. Little seems to be known, however, of the causes that result in the 
symptoms of calcium deficiency hitherto observed in the diseases mentioned 
above. 


GENERAL CONSIDERATIONS ON THE DEFICIENCY DISEASES 

OF PLANTS 

In many of the deficiency diseases mentioned above, the effect is a syndrome 
or group of symptoms sufficiently characteristic to have established in popular 
usage a name as specific in its application as those of many of the diseases caused 
by fungi. Heart rot of beet, brown heart or ‘ raan * of turnips, grey speck of oats, 
marginal leaf, scorch and exanthema of fruit trees, marsh spot of peas, are all 
terms the meaning of which to the grower is as precise as is that of the terms smut, 
scab, or canker applied to parasitic diseases. Many others, however, are marked 
by less definite symptoms — chlorosis, yellowing, defoliation, and the like — 
and their cause is less easy to determine. The plant pathologist is liable to be 
asked for advice on all such diseases and he must know what to look for and when 
to seek the aid of his chemical colleagues. It must also be borne in mind that such 
symptoms as chlorosis or yellowing are, by themselves, of little diagnostic value, 
for they can be the result of a fungal or virus disease or be merely due to some 
environmental condition such as low soil temperature, or even have a genetic 
origin as in strawberry or maize, or result from mutation, as in barley. 

In a considerable number of these deficiency disorders it is doubtful whether 
an accurate diagnosis can be based on symptoms alone. A chemical determination 
of the mineral content of the leaf or other organ of the plant is sometimes of value, 
but several instances have been given above of the difficulty of relying upon this 
method, due to the fact that the limiting value for a particular element may be 
dependent on the form in which it occurs in the cell, or the presence of other 
elements : thus, analysis may indicate an adequate supply when in reality a shortage 
exists. This is still truer when applied to the soil, for it is abundantly evident 
that questions of availability of the ‘ minor ’ elements in the soil are at least as 
important as with the ‘ major ’ elements, phosphorus and potash. 

Yet there are few classes of plant diseases in which accurate diagnosis is more 
necessary than those referred to in this chapter. Hence it is that such work as 
that developed at East Mailing Research Station, where the deficiency is deter- 
mined by direct test of a range of elements, holds such promise of useful application. 

Methods have been perfected at East Mailing, and applied there and in South 
Africa, by which the injection of any part of a plant from the main stem to a portion 
of the lamina of a leaf can be carried out with precision, and the leaf results can 
be used to give a rapid indication of the existence of a lack of some element of 
importance to the proper functioning of the plant. The methods have been 
particularly successful, sometimes after preliminary indications have been given 
by leaf analyses, on apples affected by lime-induced chlorosis and by nutritional 
deficiency of calcium, and on cherries suffering from a combination of iron and 
manganese deficiency, in England ; while in South Africa, where deficiency 
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troubles are prevalent in various fruits, they were effective in the detection of a wide 
range of mineral deficiencies. The adequacy of the supply of the various minerals 
in the leaf is revealed by the response given by the injection of one or more of them 
into immature leaves (several can be tested simultaneously by using different 
leaves) : in a short time (up to 14 days as a maximum) evidence of the particular 
shortage is usually available. The results have been checked by leaf analyses, 
for which spectrographic methods have proved particularly suitable. Iron, man- 
ganese, and zinc were the commonest trace element deficiencies encountered in 
deciduous fruit in the Western Cape Province of South Africa under similar soil 
conditions, often in the same orchard ; magnesium deficiency also appeared to 
be fairly prevalent, followed by nickel, cobalt, copper, and boron. Deficiencies 
in the major nutritional elements, nitrogen, potassium, and phosphorus, were also 
included, and definite evidence was obtained of calcium deficiency in a considerable 
number of cases. 

One of the interesting results of the tree-injection work in South Africa is the 
confirmation it has given of the fact, already mentioned, that total content of an 
element in an organ such as a leaf does not necessarily give a measure of its func- 
tional adequacy. This has been clearly established with iron, where the most 
marked response to iron injections has sometimes been obtained on plants the 
leaves of which actually contained unusually large amounts of iron, and it probably 
holds good also for manganese, zinc, and boron. 

Much of the existing knowledge of deficiency diseases is of comparatively 
recent, some of very recent, acquisition. In many cases treatment has outstripped 
research into the real causation of the disorder. There are abundant indications 
that the processes leading to deficiency symptoms may ba very complex, and there 
is hardly a case in which a clear picture can be drawn of the physiological disturb- 
ances brought about. As more knowledge becomes available, it is probable that 
generalisations can be made which will simplify treatment. Similarity in the soil, 
conditions under which shortage of manganese, zinc, and iron occur have already 
been noted, and where liming promotes the appearance of the symptoms (as in 
boron, iron, manganese, and copper deficiencies) there may be more generalised 
causes at work than are now apparent. So also the indications of injury to the 
chlorophyll apparatus of the leaf cells in so many cases may mean that some general 
cause or group of causes is involved, the understanding of which may help in 
remedying the trouble. 

In the present state of knowledge it is, perhaps, justifiable to regard tea yellows 
as due to a deficiency of sulphur or citrus exanthema to one of copper. Yet the 
evidence for this is simply that the disease can be cured by supplying the element 
in question. The result may not be merely to give the cells the sulphur or copper 
they require, but to enable some other constituent to do its work or to neutralise 
or even prevent the formation of some toxic substance which the plant takes up 
from the soil. Further investigation is required before the true cause of these 
diseases is fully understood. 

In a limited number of observations on the reaction to parasitic attack of plants 
suffering from deficiency diseases, the indications seem usually to be in harmony 
with those mentioned in an earlier chapter, namely, that the best resistance to 
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attack is offered by plants of which the nutrition is well balanced. Thus, it has 
been found that strawberries deprived of such trace elements as boron, manganese, 
copper, and zinc were much more susceptible to the powdery mildew, Sphaero- 
theca humuli (as well as to red spider), than those receiving a full complement of 
these elements. It is also of interest to note that deficiency in any one or more 
of a group of elements increases the susceptibility of gooseberries to ‘ spray injury 
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Appendix 

CLASSIFICATION OF THE FUNGI 

The fungi as a whole are divided into three classes : Phycomycetes, Ascomycetes, 
and Basidiomycetes. To these must be added the Deuteromycetes, or ‘ Fungi 
Imperfecti which are conidial fungi. Further investigation may show that 
some have a perfect or higher stage in the Ascomycetes or Basidiomycetes, the 
majority existing only as conidial forms, having probably lost their higher stages. 
(Prominence is given below only to the more important parasitic groups.) 

Lower Fungi 

Hyphae absent or rudimentary, or, hyphae not interwoven to form compact tissues, 

not regularly septate. 

Class I. PHYCOMYCETES, — Sexual reproduction distinct, the process being usually 
completed within the sexual cells themselves. Asexual reproduction by zoospores, 
sporangiospores, sporangia or conidia. 

Sub-class I. Archimycetes. — Sexual reproduction by zoospores 

(isogametes). 

Order I. Chy tridiales 
„ II. Plasmodiophorales 

Sub-class II. OoMYCETES. — Sexual reproduction, with production 
of oospores. 

Order I. Monoblepharidales 
„ II. Ancylistales 
,, III. Blastocladiales 
„ IV. Saprolegniales 
„ V. Peronosporales 

Sub-class III. Zygomycetes. — Sexual reproduction, with production 
of zygospores. 

Order I. MucaraJes 
„ II. Entomophthorales 

Higher Fungi 

Hyphae usually interwoven to form tissues at some stage in growth, especially in the 

sporophore, septate. 

Class II. ASCOMYCETES. — Sexual reproduction more obscure, often in two phases, 
the sexual nuclei uniting in a cell derived from that in which they first came together, 
or sometimes reduced to the? union of sister nuclei ; resulting in the production of 
ascospores within a mother cell or ascus. Asexual reproduction by conidia. 

33t 
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Sub-class 1. Plectomycetes. — 

Order 1. Plectascales 
„ II. Erysiphales 
„ III. Exoascales (Taphrinales) 

Sub-class II. Pyrenomycetes. — 

Order I. Hypocreales 
,, II. Sphaeriales 
„ III. Dothidiales 
„ IV. Laboulheniales 

Sub-class III. Discomycetes. — 

Order 1. Pezizales 
„ II. Helvellales 
,, III. Tuberales 
„ IV. Phacidiales 
„ V. Hysteriales 

Class III. BASIDIOMYCETES. — Sexual reproduction reduced to the union of sister 
cells or even of sister nuclei within a mother cell or basidium, resulting in the pro- 
duction of basidiospores. Asexual reproduction by conidia. 

Sub-class I. Hemibasidiae. — Basidia septate or not, often irregular in 

growth, basidiospores irregular in number, usually forming 
secondary spores on germination. 

Order — Ustilaginales 

Sub-class II. Protobasidiae. — Basidia of more strictly limited growth, 
septate into usually four cells, each bearing only one basidio- 
spore. 

Order I. Uredinales 
„ II. Auriculariales 
,, III. Tremellales 

Sub -class III. Eubasidiae. — Basidia of strictly limited growth, aseptate, 
bearing a definite number of basidiospores, usually four. 
Order I. Hymenomycetales 
„ II. Gasteromycetales 

Class IV. DEUTEROMYCETES (Fungi Imperfecti). — Asexual reproduction by conidia. 

Some are known to be conidial stages of higher fungi. 

Order I. Sphaeropsidales 
„ II. Melancomales 
„ III. Hyphomycetales 


The first or lowest class of fungi is the PHYCOMYCETES or alga-like fungi. These 
include the aquatic fungi and the simplest land fungi. Their hyphae never unite into 
strands or tissues, and the anycelium is either filamentous or composed of isolated, 
rounded cells. Regular septation is never found, so that the living parts of the hyphae 
usually form a continuous cell. The characteristic asexual fructification is the sporangium. 
Conidia are also found in some orders. Sexual reproduction is of a distinct and simple 
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type, and the nuclei usually fuse in the same cell in which they come together. They 
are divided into three sub-classes : the Archimycetes, the Oomycetes, and the 
Zygomycetes. 

The Archimycetes have their sexual reproduction by the union of zoospores (iso- 
gametes) or of two similar individuals. They are divided into two orders : 

Chytridiales. — Usually one-celled fungi of very simple structure ; the whole 
body in many cases consists of a rounded cell which becomes directly 
transformed into a sporangium. Sexual reproduction is variable in type 
and often unknown. No conidia are known. Mostly parasites in water 
plants, less often in land plants. The more important plant parasites are 
in the following families : 

Olpidiaceae. — Parasites of low algal forms and of a few higher plants ; 
cell-thallus forms zoospores. 

Olpidium. 

Synchytriaceae . — Cell-thallus forms a sorus of sporangia, or resting 
sporangia, both producing zoospores. 

Synchytrium. 

Cladochytriaceae. — A mycelium developed ; zoosporangia and resting 
sporangia formed. 

Urophlyctis. 

Plasmodiophorales , — Parasites of higher plants. Thallus naked ; spores 
produce a zoospore with two unequal flagella. One family. 

Plastnodiophoraceae. 

Plasmodiophora, Spongospora. 

The Oomycetes have their sexual reproduction by female cells known as oogonia, 
which are fertilised by male antheridia to form oospores. They are divided into 
four orders : 

Monohlepharidxdes-~hi:yddX\Q fungi with sexual reproduction ; oogonium 
fertilised by antherozoids. Asexual, by zoospores. One family. 

Monohlepharidaceae . 

Monoblepharis. 

Ancylistales, — Aquatic fungi, parasitic in algae and small water animals. 
The whole of a segment becomes an antheridium or oogonium or an 
asexual sporangium with zoospores. One family. 

Ancylistaceae. 

Lagenidium. 

Blastocladiales. — Aquatic fungi, or soil saprophytes ; septa only at reproduction. 
Thalli rhizoidal, differentiated into sporophyte and gametophyte ; the 
asexual bears zoosporangia and thick- walled resting spores ; the sexual is 
mono- or dioecious ; gametangia have mono-flagellate gametes of unequal 
size. One family. 

Blastocladiaceae . 

Allomyces, Blastocladia. 

Sapralegnudes , — Aquatic fungi, usually saprophytic. Sexual reproduction by 
antheridia and oogonia, each oogonium usually bearing a number of 
oospores. In most cases no actual fertilisation occurs, ./l^exual reproduction 
by zoospores usually within elongated sporangia. Two families. 
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Saprolegniaceae. — Hyphae not constricted. 

Saprolegnia, Aphanomyces. 

Leptomitaceae . — With the hyphae constricted at intervals, but not truly 
septate. 

Apodachlya, Leptomitus. 

Peronosporales, — Chiefly land fungi parasitic on plants, a few also aquatic and 
saprophytic. Sexual reproduction by oogonia and antheridia ; fertilisation 
resulting in a single oospore. Asexual reproduction chiefly by zoospores 
within rounded sporangia. Conidia often formed from the sporangia by 
suppression of the zoospores. Three families. 

Pythiaceae, — Parasitic or saprophytic. Sporangiophores little differ- 
entiated from vegetative hyphae. 

Pythium, Phytophthora. 

Albuginaceae . — Parasites ; sporangiophores arising in a layer under the 
epidermis ; sporangia in chains. 

Cystopus, Albugo. 

Peronosporaceae, — Obligate parasites. Sporangia or conidia singly at 
ends of branched sporangiophores. 

Peronospora, Plasmopara, Bremia, Pseudoperonospora, Sclero- 
spora. 

The Zygomycetes have their sexual reproduction by the union of two more or less 
similar cells to form a zygospore. The asexual reproduction is never by zoospores. 
They are divided into two orders : 

Mucorales, — Land fungi, chiefly saprophytic. Zygospores formed by the 
union of two usually equal cells. Asexual reproduction typically by 
rounded air-disseminated spores formed in a sporangium, rarely also by 
conidia. Several families. Mucor, Rhizopus. 

Entomophthorales, — Parasitic on insects, rarely on plants, or saprophytic. 
Sexual reproduction by zygospores formed by the union of two, often 
unequal cells. Asexual reproduction by conidia only. One family. 

Entomophthoraceae, Entomophthora, Empusa, Basidiobolus. 

The ASCOMYCETES include a great number of forms, all agreeing in having spores 
developed within a mother-cell, the ascus. In most, the asci are produced on, or in special 
sporophores ; these are known as perithecia when round or flask-shaped and enclosing 
the asci in the hollow cavity, and as apothecia when the asci are exposed at maturity. 
Conidia of the most diverse sorts are also usually borne. The mycelium is, on the whole, 
less aggregated into masses than in the Basidiomycetes ; in the majority of cases, how- 
ever, the asci are developed on a hymenium lining a sporophore formed by the union of 
many hyphae, and in some there is a considerable development of stromatic tissue in which 
a number of perithecia may be borne (compound stromata). Besides these sporophores, 
aggregations of hyphae to form sclerotia are found at times. The asci are usually of 
regular size, with eight spores. Sometimes there are less than eight spores, sometimes 
more, up to sixteen, thirty-two, sixty-four, or more. 

Sub-class Plectomycetes. — Asci formed directly on the mycelium or on special parts 
of it, not united in a h]ymenium enclosed in, or borne on a complex sporophore. 
In the Exomcaceae^ which are parasites, the asci are formed under the surfoce of 
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the leaf, becoming exposed when ripe. In Endomyces they occur singly as lateral 
outgrowths of the hyphae. In Gymnoascus there is a rudimentary perithecium, 
formed of a loose web of branched hyphae within which the asci are entangled. 
The yeasts, or Saccharotnycetaceae, differ from all the other higher fungi in having 
a much reduced gemmate mycelium, consisting of a single cell which buds off other 
similar cells, or may become converted as a whole into an ascus ; in some cases, at 
least, the formation of the ascus is preceded by a sexual act in which two cells 
and their contained nuclei fuse. Well-defined cleistocarps in Aspergillaceae and 
Erysiphales^ opening irregularly. The three orders are : 

Plectascales, — Arrangement of asci irregular. The principil' families are : 
Endomycetaceae . 

Endomyces, Eremascus. 

Saccharomycetaceae, — The yeasts. 

Aspergillaceae. 

Eurotium, Penicillium. 

Erysiphales. — Asci within well-defined cleistocarps or cleistothecia, borne on 
a profuse superficial mycelium. The families are : 

Erysiphaceae . — Obligate parasites, ascocarps more or less spherical, with 
appendages. 

Erysiphe, Sphaerotheca, Uncinula, Microsphaera, Podosphaera. 
Perisporiaceae. — Dark mycelium, ascocarps without appendages. 
Meliola. 

Microihyriaceae . — Flat ascocarps, ostiolate, no appendages. Conidia 
not known. 

Microthyrium, Asterina. 

Exoascales. — No complex sporophore formed. Two families. 

Exoascaceae. — Obligate parasites. Asci arise below the epidermis or 
under the cuticle, breaking through to the surface of the host. 
Exoascus (Taphrina). 

Protomycetaceae . — Resting sporangia producing non-motile spores in an 
extruded vesicle. Protomyces. 

Sub-class Pyrenomycetes. — Asci formed usually on a hymenium lining the interior 
of a hollow sporophore (perithecium), which is usually flask-shaped and with a 
narrow mouth through which the spores escape at maturity. The perithecia are 
variously arranged, sometimes occurring independently on the mycelium, in others 
joined together into groups in compound stromata, which may be crust-like or 
tubercular, or erect and even stalked. Conidial forms are extremely common and 
varied. The four orders are : 

Hypocrecdes. — Perithecia independent on mycelium. The families are : 
Nectriaceae. — Perithecia, superficial, soft, light-coloured. 

Nectria, Gibberella, Calonectria, Sphaerostilbe. 

Hypocreaceae. — ^Perithecia more or less immersed. 

Epichloe, Polystigma, Claviceps. 

Sphaeriales . — ^Perithecia dark, carbonaceous, brittle or leathery. The principtU 
families arc : 

Sordariaceae, 

Sordaria, Sporomia. 
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Sphaeriaceae, 

Rosellinia, Coleroa. 

Ceratostomataceae . 

Ceratostomella. 

Mycosphaerellaceae . 

Mycosphaerella, Stigmatea, Guignardia. 

Pleosporaceae , 

Pleospora, Pyrenophora, Venturia, Leptosphaeria, Didymella, 
Gibbellina, Physalospora, Ophiobolus. 

Gnomoniaceae . 

Gnomonia, Glomerella. 

Valsaceae. 

Valsa, Diaporthe. 

Xylariaceae , 

Ustulina, Xylaria. 

Dothidiales. — Perithecia sub-epidermal, indefinite, more or less merging into 
the stromatic tissue. One family. 

Dothidiaceae. 

Dothidella, Plowrightia, Phyllachora. 

Laboulbeniales. — A peculiar, isolated group of fungi, ectoparasitic on the softer 
parts of insects. 

Sub-class Discomycetes. — Asci formed on a hymenium exposed on the surface of the 
apothecium. The latter is usually cup-shaped with incurved margins which 
unfold as it matures, exposing the hymenium. Compound stromata are rare, but 
in some cases, as in the edible morels, the sporophore has a distinct stalk and 
the hymenium lines the outer convoluted surface of the fertile head, which may 
be of considerable size. In the edible truffles {Tuber aceae) the sporophore is an 
underground tuberous body with one or more internal chambers, or a series of 
labyrinthiform passages, lined with the hymenium. The chief orders are : 

Pezizales, — Asci exposed at maturity. The principal families containing plant 
parasites are : 

Mollisiaceae . — Apothecia becoming erumpent from host tissue at 
maturity, often stalked. 

Pseudopeziza, Dasyscypha, Sclerotinia (conidial forms known as 
Botrytis or Molinia). 

Phacidiales. — Asci immersed in the substratum. 

Phacidiaceae . Apothecia grouped in black stromata. Rhytisma. 
Hysteriales. — Apothecia elongated, opening by a longitudinal slit. 

Hypodermataceae . — Apothecia, black, sub -epidermal. Lophodermium. 

The BASIDIOMYCETES include a very large number of the higher fungi, repre- 
senting the most diverse types. All, however, have the character that at some period in 
their life-history, following the completion of a sexual act, spores are formed on sterigmata 
produced from special, fertile cells, the basidia. They are divided into three sub-classes : 
Hemibasidiae, Protobasidiae, and Eubasidiae. 

The Hemibasidiae include only one order, the Ustilagimles or smuts, parasites which 
attack grasses and other plants and produce spores, as a rule, only in certain organs 
of^their hosts, generally the flowers. Those spores usually form a dense black dust, 
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from which the name * smuts * is taken. On germination they give out a pro- 
mycelium or short germ-tube, which is a transitional form between the ordinary 
type of germ-tube and the basidium of the other two sub-classes. It is either 
transversely septate or aseptate, and each cell bears a variable number of sporidia, 
on sterigmata, or the sporidia may be sessile. On germination, these may bud 
off secondary spores. The vegetative mycelium is filamentous, and there is no 
formation of compact tissues except sometimes in the spore beds. There are two 
families in the Ustilaginales : 

Ustilaginaceae. — Basidia transversely septated into four cells. 

Ustilago, Sphacelotheca. 

Tilletiaceae, — Basidia continuous or one septate. 

Tilletia, Urocystis, Entyloma. 

The Protobasidiae differ from the Hemibasidiae chiefly in having a more regular 
basidium and a definite number of sporidia, each cell of the, usually, 4-celled 
basidium producing a single sporidium on the end of its sterigma. They are 
divided into three orders : 

Uredinales. — The rusts. True parasites of green plants. Spores produced in 
cup-, or flask-shaped, or flat spore beds and of five different kinds : sper- 
matia, aecidiospores, uredospores, teleutospores, and sporidia. One or 
more of these may be absent. On germination, the teleutospore produces 
a promycelium like that of the smuts, but more strictly limited in growth. 
This represents the basidium, and from each of its (usually four) cells a 
single sporidium is produced on a sterigma. The mycelium is filamentous, 
except where it condenses to form the spore beds. The families are : 

Pucciniaceae . — T eleutospores stalked . 

Puccinia, Uromyces, Phragmidium, Triphragmium, Gymno- 
sporangium, Hemileia. 

Cronartiaceae , — Teleutospores closely packed together into crusts as in 
Chrysomyxa, or into a cylindrical body, as in Cronartium. 

Melampsoraceae, — Teleutospores sessile, compacted into dark-coloured 
crusts. 

Melampsora, Melampsorella. 

Coleosporiaceae , — Teleutospore itself becomes a basidium, from each 
of which a sporidium develops on a sterigma. 

Coleosporium. 

Endophyllaceae . — Only teleutospores formed, in chains, resembling 
aecidiospores. 

Endophyllum. 

Tremellales , — Saprophytes with the hyphae united into masses, usually 
gelatinous when moist. The basidia are produced generally on fertile 
hyphae joined into a hymenium, which may be either superficial or enclosed 
by a protective covering of sterile hyphae. They are vertically septate, 
usually into four cells, each of which produces a single basidiospore. On 
germination, conidia may be produced almost immediately (* secondary 
spores ’) or they may be formed on the mycelium at a later stage. 

Tremella, Helicobasidium. 

Auriculcmales . — ^As for Tremellcdesy but the basidia are transversely septated. 

Auricularia (Himeola). 
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The Eubasidiae include the mushrooms, puif-balls, and most of the larger fungi. 
The hyphae frequently unite to form large conspicuous masses, particularly in the 
sporophores, but also in sclerotia and rhizomorphs. The basidia are generally 
arranged close together into a hymenium and are aseptate, with a definite number 
of basidiospores, usually four, borne on sterigmata. Conidia are found in some 
cases. They include two orders : 

Hymenomycetales. — Saprophytes or parasites. Basidia forming a hymenium, 
which is exposed from the first or, at least, before the spores are ripe. 
The principal families are : 

Thelephoraceae. — Hymenium unilateral, spread over a smooth or 
corrugated surface. 

Corticium, Stereum. 

Exobasidiaceae, — Hymenium discontinuous, basidia cylindrical ; para- 
sitic in leaves and stems. 

Exobasidium. 

Agaricaceae. — Hymenium spread over gills. 

Psalliota, Armillaria, Lenzites, Clitocybe, Marasmius. 

Polyporaceae, — Hymenium lining pores. 

Poly poms, Ganoderma, Pomes, Merulius, Poria, Daedalea, 
Fistulina, Polystictus, Coniophora, Trametes. 

G aster omycetales, — Chiefly saprophytes. Basidia forming a hymenium within 
a soft gelatinous mass or gleba, which is enclosed in the sporophore by a 
special covering of sterile hyphae until after the spores are mature. 

The DEUTEROMYCETES comprise a large number of conidium-bearing fungi, 
some of which have been proved to be merely stages in the life-history of Ascomycetes, 
more rarely Basidiomycetes, or very occasionally Phycomycetes. The vast majority, 
however, appear to exist habitually as independent individuals, having probably lost any 
other method of reproduction than that by conidia. They are entirely devoid of sexual 
reproduction or sporangium formation, and are usually of minute size. Many are 
parasitic. They are divided into three orders : 

Sphaeropsidales, — Conidia borne on a hymenium, enclosed in a round, flask- 
shaped, or flattened sporophore (pycnidium). The conidia are set free 
through a narrow pore or a slit. The genera include : 

Phoma, Phyllosticta, Phomopsis, Polyopeus, Cytospora, Conio- 
thyrium, Ascochyta, Diplodina, Diplodia, Septoria, Lepto- 
thyrium, Heteropatella, Rhizosphaera. 

Melanconiales, — Conidia borne on crowded conidiophores arising from an 
immersed stromatic base, in a cavity, of which the outer wall is formed by 
the tissues of the host (acervulus). The genera include : 

Gloeosporium, Colletotrichum, Polyspora, Marssonina, Pseudo- 
discosia, Pestalozzia, Cylindrosporium, Septogloeum. 

Hyphomycetales, — Pycnidia and acervuU absent ; conidiophores superficial, 
sometimes produced from simple free branches of the mycelium, or arising 
from an ere<?t bundle of hyphae united together into a strand, or from a 
wart-like superficial cushion of matted hyphae or from stromatic pseudo- 
parenchyma. The genera include : 
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Oospora, Cephalosporium^ Sporotrichum, Verticillium, Myco- 
gone, Ramularia, Cercosporella, Thielaviopsis, Fusicladium, 
Cladosporium, Clasterosporium, Heterosporium, Spondylo- 
cladium, Macrosporium, Alternaria, Ciercospora, Graphium, 
Fusarium, Helminthosporium, Meria. 

* Mycelia sterilia " — To include forms in which no spores have so far been found. 
May include stages of Ascomycetes, Basidiomycetes, or other Fungi Imperfect! . — 
Sclerotium, Rhizoclonia. 
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Chapter X 

DISEASES OF CEREALS 


Black Rust or Stem Rust of Wheat and Other Cereals, 

Puccinia gratninis Pers. 

Black rust is believed to date back to very early times, and is present in all the 
wheat areas of the world. 

Wheat is attacked by other rusts besides this one caused by Puccinia gratninis. 
These are the yellow rust, due to Puccinia glumarum, and the brown rust, due to 
Puccinia triticina. Two, or all three of the rusts may sometimes be found together 
in the same crop. Of the three, yellow rust is, in some years, the most abundant 
and severe in Britain, Black rust is fairly common m south-west Wales, but 
elsewhere its attacks are usually light, though epidemics sometimes occur 
Losses caused by the rust in America are enormous. It is recorded that in the 
three North Central States of Minnesota, North, and South Dakota, and in 
Western Canada, the losses in these two areas in one year amounted to i8o and i lo 
million bushels respectively ; and in Manitoba and Saskatchewan, during 1925 to 
i93S» average annual loss was over 35^ million bushels (ii per cent, of the 
possible yield), a monetary loss estimated at 30,784,000 dollars ^4). 

Black rust appears on wheat rather late 
in the season, and the crop usually suffers 
little injury. The final effect, though the 
disease does not directly attack it, is to re- 
duce the size of the grain, preventing it from 
filling out, and causing it to shrivel. Early 
symptoms are visible as elongated brown 
pustules on the stem, leaf stalks, and leaves 
(Fig. 179), but the part usually affected first 
and most severely is the stem, hence the 
name, stem rust, is often applied to black 
rust to distinguish it from yellow rust and 
brown rust, which are found chiefly on the 
leaves. These early pustules, which consist 
of uredosori, are often one-quarter of an inch 
or more long, and frequently join together 
in stripes. They arise from a mycelium 
under the epidermis, and when the latter is 
broken through from pressure of the spores 
below, dense masses of brown, powdery 
uredospores are released and dispersed by 
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Fig. 179. — Black or stem rust of cereals 
{Puccinia graminis). The teleutospore 
stage on oat (photo by Foister & 
Noble) 
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wind throughout the crop. They infect only the cereal host. Later^^ on, the 
pustules assume a darker colour, because the same mycelium which gave rise 
to uredospores now develops the darker teleutospores, but sori of teleutospores 
may also break out anew, in the vicinity of the converted uredosori, and like 
them, break through the epidermis. The dark teleutospores are more firmly 
attached in their beds than the uredospores, and their stalks are more rigid 
and thicker ; they are essentially resting spores, adapted for over-wintering on 
straw or stubble ; they are not capable of reinfecting the cereal host, and 
serve only to infect the alternate host, the barberry. 

Puccinia graminis requires two distinct hosts in order to carry through its 
complete life-cycle, and is therefore heteroecious. The uredospore and teleuto- 
spore stages occur on the cereal or other graminaceous host, for the rust also 
attacks oat, barley, and rye, as well as a large number of grasses. The life-history 
is completed on a second host, the common barberry {Berberis vulgaris)^ on which 
the aecidiospore stage is developed Other species of barberry and the closely 
related Mahonia are also capable of infection, but the common barberry is the 
only host of practical significance in the spread of this disease. Though indis- 
tinguishable in appearance, different forms or races of this fungus attack different 
cereals or grasses, and as already indicated in Chapter II, one race will infect 
wheat and barley, but not oat ; the one that attacks oat fails to infect wheat and 
barley ; and the race that is found on rye can infect barley, but not wheat and oat. 
On account of their selection of a particular host for attack, these are called 
specialised races of P. graminis ^^9)^ Those on the cereals are separated by the 
addition of the generic name of the particular cereal attacked, thus P. graminis 
triticiy for the race on wheat, P. graminis avenae^ for the one on oat, and the race 
which attacks rye and barley is called P. graminis secalis ; moreover, each of these 
specialised races claims a number of hosts among the grasses. The existence of a 
large number of physiologic races of P. graminis on its various hosts and the means 
whereby they have been determined have already been discussed in Chapter II 
(p. 89) ; so far, over 200 races of P. gramintS tritici have been recorded, mainly 



Fig. 1 80. — Pucctma graminis. Cross-sec- 
tion of wheat stem showing uredosori 
( X approx. 60) (photo by Brown ; 
by permission of Craigic, Dom. Can. 
Dept. Agric., Frmrs\ Bull^ 84) 



Fig. 1 81. — Puccinia graminis. Cross-sec- 
tion of wheat stem showing teleutosori 
( X approx. 60) (photo by A. M. Brown ; 
by permission of Craigie, Dom. Can. 
Dept. Agric.y Frmrs*. Bull. 84) 
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in the United States, of which only comparatively few have been found in 
Britain. 

A transverse section of an uredosorus (Fig. i8o) shows the mycelium to be inter- 
cellular, the hyphae, about 3*5 /x in diameter, sending into the host cells, small round or 
branched haustoria, without causing any apparent ill-effects on the cytoplasmic contents. 
P. graminis^ like all rust fungi, is an obligate parasite, thriving only on the living tissues 
of its host. The uredospores (Fig. 182 a) are binucleate cells, developed singly from 
vertical hyphae, likewise binucleate, arising from a bed of mycelium, the cells of which are 
also binucleate (dikaryo phytic). The uredospores are oval, 25 to 30 by 17 to 20 fi, brown, 
with a thick echinulose wall having four germ-pores situated equidistant in an equatorial 
plane (Fig. 64). These spores must have a film of water on the host before they can 
germinate ; a moist atmosphere is not enough Penetration, by a single germ-tube, 
is through a stoma over which an appressorium is formed, and from which a narrow 
hypha arises to invade the sub-stomatal space where it soon expands into a vesicle. From 
the latter an infection hypha emerges, and having penetrated a mesophyll cell and estab- 
lished within it its first haustorium, the hypha proceeds to develop a branching mycelium 
which extends in an intercellular manner, frequently sending haustoria into the cells with 
which it comes into contact. From such an initial infection an uredosorus with ripe 
spores becomes established in 8 to 14 days. With dissemination of the uredospores 
throughout the crop, fresh uredosori continue to be formed during the summer, but they 
usually cease to develop before the wheat begins to change colour and ripen. As already 
stated in Chapter II, uredospores of P.graminis are not adapted for over-wintering in 
colder climates but they may often survive during mild winters. 

The teleutospores follow the uredospores on the same or similar dikaryophytic 
mycelium (Fig. 181) ; the two kinds of spores may frequently be found together in the 
same sorus. A teleutospore (Fig. 182 b) consists of two thick-walled, smooth, super- 
imposed cells, the top cell being rounded or blunted and thickened at the apex ; the 
bicellular spore is dark brown (black in the mass), 40 to 60 
by 15 to 20 /X ; each constituent cell is furnished with a 
germ-pore, situated apically in the top cell, and just below 
the septum in the lower cell. Each cell during develop- 
ment possesses a pair of nuclei, contributed by the 
dikaryophytic mycelium, but when the teleutospore turns 
brown and matures in its sorus, the paired nuclei in each 
cell fuse, the process being considered to be one of de- 
ferred sexual fusion, and the ripe teleutospore represents 
the diploid phase in the life-history of the rust fungus, 
being in fact a zygote. The teleutospores do not germi- 
nate forthwith, but undergo a period of rest, and being 
adapted for over-wintering, remain dormant on stubble or 
straw for several months. They are known to be viable 
for at least 18 months but according to some they 
may be induced to break their dormancy by such means 
as freezing, or by alternately wetting and drying, but 
others have failed to cut short the natural period of rest 
Teleutospores serve, indirectly, to convey the disease to 
the alternate host, the barberry. In some countries, they 
seem to have lost the power of germination ; for instance. 



Fig. 182 . — Puccinia graminis. 

At uredospores showing an 
oil body. B, teleutospores 
with nuclei 
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in the plains of India where barberry does not grow, and in Nebraska where few 
barberry bushes occur south of Northern Kansas, the teleutospores do not germinate, 
and whether this failure is due merely to non- viability, since the teleutospores are not 
adapted to withstand temperatures above 26® C. or to other factors inherent in races 
of the fungus, is not clearly known. In some localities again, where the crops ripen 
early, the teleutospores are developed soon enough to experience summer temperatures 
sufficiently high to kill them, and so the barberry in such places escapes infection. 

Like the uredospores, the teleutospores mus<" be wetted before they can germinate, the 
most favourable temperature for germination being 19° to 21° C. Either or both cells 
of a teleutospore may give rise to a stout germ-tube or promycelium (basidium), during 
the formation of which the diploid nucleus undergoes a reduction division, and the four 
nuclei which are ultimately formed in the promycelium are, therefore, haploid (Fig. 64 d). 
Following septation, the promycelium now consists of four uninucleate cells, each of 
which produces a narrow sterigma terminating in a swelling and into which the nucleus 
with the cytoplasm passes, to form still another type of spore, the sporidium or basidio- 
spore. Under natural conditions teleutospore germination takes place on the wetted 
straw or stubble which has over- wintered on the ground, and the sporidia are carried by 
wind to the barberry plants. It is only the sporidia that are normally capable of infecting 
the second host^®®^* The process may be successfully performed by tying a truss of 
rusted straw to a barberry bush, the straw being wetted twice daily ^5). 

The sporidia germinate freely on the barberry in the presence of moisture, and 
infection may take place during the day or night but is favoured mostly by daylight. 
Penetration by the germ-tubes put forth by the sporidia is direct, through the cuticle <33). 
The leaves, stems, spines, petioles, flower-sepals, and even the berries of the barberry 
may be attacked by the sporidia, and on all these parts, red spots, which herald the forma- 
tion of the aecidial stage in the reproduction of the rust, may be developed. It is the 
expanded leaves, however, that catch most of the blown sporidia, and they are susceptible 
to infection only for about 12 days or so after unfolding for soon after that period the 
leaves become more resistant, probably by virtue of developing a thicker cuticle 
Following penetration of the leaf on the upper surface, the mycelium becomes estab- 
lished in the palisade mesophyll, and while some hyphae may enter some of the host cells 
by means of short, beak-like processes to produce haustoria, other hyphae, which are 
broader, remain intercellular and increase by branching ; the haustoria may be simple 
and spherical, or develop into 3- or 4-celled hyphae, and at a few places may appear as an 
intracellular mycelium, but the fungus leaves the cells almost directly to occupy the inter- 
cellular spaces of the mesophyll again. It is important to note, in view of what is stated 
below in relation to the sexual phase of P. graminis^ which takes place in these infections 
on the barberry, that several of these infections from separate sporidia may be found 
close together, even within a range of two or three cells of the epidermis of the host. 

Two types of fructifications, spermagonia and aecidia, which may be considered 
as the perfect, sexual stage in the life-history of the rust, follow upon sporidial 
infections on the barberry leaf (Figs. 67, 183 b). The spermagonia (or pycnia) 
are produced on the upper surface, and these are followed at more or less opposite 
places towards the lower surface of the leaf by one or more aecidia. Usually the 
aecidia are very numerous and aggregated close together to form dense clusters, 
the name ‘ cluster cups * being frequently applied to these fructifications, which 
break out at the lower surface of the leaf (Fig. 184). 

The spermagonia are flask-shaped conceptacles lined with very narrow ‘ sper- 




Fig 183 — Sexuality in Pucctma gramtms Ay section 
of barberry leaf showing a sterile infection , note, 
spermagonia still in active discharge on upper 
surface ; at lower surface, numerous unfertilised 
aecidial pnmordia. B, leaf section showing at upper 
surface defunct spermagonia (fertilisation having 
been effected) ; at lower surface, five fully matured 
aecidia discharging aecidiospores , note at the 
centre, an unfertilised primordium (by permission 
of Ruth Allen, J. Agnc. Res.) 


Fig 184 — Pucctma gramints Cluster cups; 
aecidia on the under side of a leaf of bar- 
berry ( X approx 8) (photo by permission 
of J H Craigie, Dom Can, Dept Agnc , 
Frmrs' Bull 84) Inset, aecidial pustule 
on barberry leaf ( x i) (photo by Foister 
& Noble) 


matial hyphae ’ which converge towards the narrow neck opening out into a small 
ostiole at the epidermis (Figs. 59, 185). These slender hyphae cut off countless 
minute spores, the * spermatia * (pycnospores) which are exuded at the ostiole 
in a copious supply of sweetish ‘ nectar ’ or ‘ honey dew \ As already stated 
in Chapter I (on reproduction of fungi), these minute spermatia are considered 
to fulfil the function of male fertilising cells. Spermatia have, however, been 
observed by some to germinate feebly by the production of short germ-tubes, 
and they have also been found to copulate by means of their germ-tubes, but 
the further history of these spermatial fusions has not been elucidated, 

P, gramtnis is heterothallic, the four sporidia of a basidium being of 
opposite ‘ sign two ‘ + ’ and two ‘ ’ (i. 2, 6, 7), Infections performed with sporidia 
of either sign give fully developed spermagonia, but only the primordia of aecidia, 
in the barberry leaf (Fig. 183 a). After one or more spermagonia have been 
formed below the upper epidermis, the same mycelium that gave rise to them 
traverses the mesbphyll, and in one or more positions somewhat closer to the 
lower epidermis than the upper, a loose bed of hyphae consisting of uninucleate 
cells is laid down in preparation for the formation of an aecidium. But as long 
as an aecidial primordium remains throughout uninucleate, its development goes 
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Fig. 185 . — Pucctnta grammts. A thick sec- 
tion of a spermagonium (pycnium) on 
barberry leaf ; note the two types of 
emergent hyphae, one kind being the 
receptive hyphae for accommodation of 
spermatia (pycnospores) ( x approx. 
350) (by permission of Craigie, Dom. 
Can, Dept Agrtc., Frmrs' Bull. 84) 



Fig. 1S6 —Pucctnta gramtms. A com- 
pound pustule on a barberry 
leaf An infection by a 4 spori- 
dium has fused with an infection 
by a - sporidium, fertile aecidia 
being produced ( x approx 2 7) 
(photo by permission of Craigie, 
Dom Can Dept. Agrtc., Frmrs\ 
Bull 84) 


no further, for it is still haploid, the product of either a + or a ~ sporidium 
For complete development of the primordium, a dikaryophytic condition must 
be established within its mycelium, and apparently there are various ways by 
which this can be brought about. The initiation of a binucleate condition in the 
mycelium of the rusts constitutes the first stage in the sexual reproduction of 
these fungi, and occurs when two or more sporidia of opposite ‘ sign \ -f and - , 
germinate on the host close together (Fig. 186). As indicated in Chapter I, the 
process may be effected by the fertilising action of the spermatia on certain hyphae 
(which have been interpreted as ‘ trichogynes ‘ periphyses or ‘ paraphyses *), 
which emerge to the leaf surface close to, or even through the ostiole of, a sperma- 
gonium, and presumably connected to the aecidial primordium (Figs. 66, 185). In 
this way, ‘ male * nuclei from the spermatia are believed to pass into ‘ female ’ cells 
within the primordium, rendering them biifUcleate. Such a binucleate condition 
may also be brought about, at least in some of the rusts, by the mere intermingling 
and cell fusion of + and ~ mycelia, in the aecidial primordium. By either way, 
‘ fertilisation ’ is said to be attained when certain cells of the primordia come to 
contain ‘ paired nuclei one nucleus of a pair being descended from that of a + 
sporidium, and its mate from that of a - sporidium. These binucleate cells may 
be found more or less towards the inner boundary or base of the primordium, 
and with further development a well-defined layer or hymenium of female or 
‘ fertile * cells is formed. These cells are somewhat rectangular in shape, with the 
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long axis at right angles to the leaf epidermis ; they are all binucleate. Some 
cells of the primordium may still be found uninucleate but they take no further 
part in the general development of the aecidium and gradually get crushed out. 
These sterile cells form, in fact, a kind of ‘ buffer ’ between the leaf epidermis 
and the fertile cells. A number of the fertile cells eventually form a well-defined 
group of binucleate cells, all in close lateral contact, and as they divide trans- 
versely, their nuclei meanwhile dividing conjugately, each cuts off in the direction 
of the lower epidermis, a binucleate aecidiospore mother-cell which, in turn, 
divides to form a small, flat interstitial cell, and a larger cell which is the true 
aecidiospore ; both are binucleate (Fig. 65). Meanwhile all the developing spores 
* are being pushed forward because each fertile cell repeats these divisions several 
times to form a chain of aecidiospores and interstitial cells (Fig. 67). Thus by 
the simultaneous development of all the fertile cells at the base of the aecidium, 
a cylindrical, brush-shaped mass of spores and interstitial cells arises in the host 
leaf, ready to break out at the lower epidermis. The outermost spore chains, 
forming the periphery of the cylindrical group, are sterile ; they remain perma- 
nently coherent but gradually lose contact on their inner side with the fertile spore 
chains within, all of which tend to separate from each other in preparation for 
dispersal of the aecidiospores. The outer coherent cells thus form a protective 
cover or ‘ peridium ’ to the spore chains, and the peridium is closed over the top 
of the aecidium by a coherent layer of similar sterile cells. When the latter are 
forced outwards by the general expansion of the aecidium, the lower epidermis 
of the leaf is broken and this is followed by the breaking of the peridium itself, 
which is now bell-shaped, and it becomes much torn around the opening, where it 
appears like a thin paper bag with a white fringe around the now exposed orange- 
coloured mass of aecidiospores. The spores are readily dispersed by wind, and 
when quite free are spherical, but while still in the cup, especially if low down, are 
hexagonal in shape from the mutual pressure of the spore chains. Ripe aecidio- 
spores are binucleate and. measure from 14 to 26 in diameter, and have about 
six germ-pores in the wall (Fig. 67). These spores serve to return the rust to the 
cereal or other graminaceous host and cannot infect the host which produced them. 

The aecidiospores germinate on the wheat in the same manner as uredospores 
and, like them, their germ-tubes gain access to the host tissues through stomata. 
The spores, being binucleate, are responsible for the establishment of a dikaryo- 
phytic mycelium within the cereal host, and we have seen how this mycelium 
gives rise first to uredosori of binucleate uredospores, and later to sori of teleuto- 
spores which are likewise binucleate when young, but uninucleate when mature. 
In the ripe teleutospores, the two nuclei, descendants of those which paired in 
the fertile cells (and presumably descendants of + and - sporidia) at the base of 
the aecidium on the barberry, fuse together. The ripe teleutospore, therefore, 
represents the diploid, sporophytic zygote in the life-history of the rust. 

The incidence of black rust and the development of epidemics of the disease 
are influenced by numerous factors. In the first instance there must obviously 
be an abundant supply of spores for infection. We have seen that the absence of 
the alternate host, the barberry, makes little difference in countries of warmer 
climate, since the rust can survive from year to year by means of uredospores 
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and even in colder regions uredospores can be carried in by wind from warmer 
latitudes. Though these spores may often be found adhering to the grain, there 
is little risk of infection from this source, since the spores perish before the grain 
is sown ; and the existence of the teleutospores on infected straw that may be 
returned to the soil in manure does not encourage infection, for teleutospores 
are innocuous to the cereal host. 

Temperature plays a very important part in the incidence of rust. As already 
mentioned, uredospores are intolerant of very low winter temperatures, and low 
temperatures at uredospore infections tend to lengthen the incubation period ; 
thus, about a week longer is required from the time of infection for the formation 
of uredosori on plants held at lo"’ than at 20^ C., and much longer at 0° or C. 
But these considerations of temperature have by no means a general application, 
for there are some physiologic races of P. graminis tritici which differ in their 
ability to produce uredosori even at comparatively low temperatures ^^3) Again, 
low temperatures of o® to 1° C. stimulate the production of teleutospores, which 
also germinate sooner and more abundantly than those formed at somewhat 
higher temperatures, but here, again, there are considerable differences observed 
in the rates of teleutospores formation among different races of the pathogen ; 
some races form teleutospores quite soon after the uredospores, but other races 
require a longer period Somewhat higher temperatures, of 12^^ to 21"^ C. are 
more favourable for infection of the barberry, than low temperatures, but the 
latter are not always inhibitive to infection ; thus, when infected bushes were kept 
at o'" C. for three weeks, spermagonia were developed when the temperature was 
raised to 18"^ or 20° C., and freezing destroyed the barberries before the rust 
fungus was killed ^5). It is clear, therefore, that since physiologic races of 
P. graminis are peculiarly sensitive to changes of temperature, it is necessary when 
evaluating these races in respect of their effects on the differential standard hosts 
(see Chapter II, p. 91) to carry out the procedure under equable conditions of the 
environment, and the maintenance of a constant temperature is one of the most 
important considerations. A temperature of 65° F. (18"^ C.), in conjunction with 
a moderate light intensity such as is experienced during spring or autumn is 
generally agreed as being satisfactory for the purpose 

We have seen that infections with rust spores are only possible when the host 
plants are wet, and even a saturated atmosphere does not give a sufficiently humid 
condition. The germ-tubes require a film of water for penetration, but once 
this is accomplished a high humidity is not so important for parasitism of the 
host Taking the factors of temperature and humidity together, rust on the 
cereal crop is severe in seasons of abundant moisture when the temperature is 
about 17° or 18° C. (62^^ or 63^ F.), a combination often experienced during 
wet spells alternating with bright, warm periods. Continuous cool weather is a 
deterrent to rust, as also are dry cool, and dry hot periods, but the latter, though 
protective to the host, tend to hasten unduly the ripening of the crop and to 
affect adversely the filling of the grain 

With the existence of so many physiologic races of the pathogen of black rust 
of wheat, and of so many different strains of the host, behaving differently in their 
reaction to these various races, it becomes a matter of great difficulty to determine 
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the true nature of resistance to this disease There appear to be two types 

of physiological resistance, one protoplasmic, and the other functional and there 
is also a kind of resistance which seems to be morphological Protoplasmic 
resistance possessed by the host appears to assert itself soon after the plant is 
attacked, and while a germ-tube may penetrate a resistant or immune host, even 
to the extent of destroying some of the host cells, the germ-tubes are themselves 
early killed. The resistant principle is antagonistic and lethal, but its nature is 
not known, nor is it clear what the nature of the physiological properties can be 
with which resistant or immune plants are endowed. There is, moreover, no 
general agreement that any differences in the morphological, or anatomical struc- 
ture, or in the nature of the nutritive contents of the host, have any bearing 
on relative resistance or susceptibility of the cereal host to rust. While it used 
to be thought that the amount of sclerenchyma in the host, the size, and number 
per unit area of the stomata, the thickness of the cuticle and of its waxy bloom, 
etc., were all factors in some measure controlling resistance, it is now believed 
that resistance to rust, as to most other diseases, is both functional and morpho- 
logical, but that no generalisation can be made. Even so-called anatomical resist- 
ance may vary in one and the same plant according to the amount and relative 
disposition of collenchyma and of the strands of sclerenchyma around the vascular 
bundles in different parts of the stem 

The selection of varieties of wheat resistant to, or immune from, black rust 
would not prove to be the difficult problem it undoubtedly is, if the numerous 
physiologic races of the pathogen remained stable, and the reactions of the different 
hosts to particular races of the fungus the same in all localities. Obviously, 
in countries where the presence of the barberry is essential to the carriage of the 
disease to the cereal crops, its eradication is of the first importance Its removal 
would help to stabilise the known races of the parasite by depriving these races 
of the opportunities for hybridisation New types of wheat favoured for their 
resistance to black rust are, unfortunately, not always resistant to other diseases, 
such as the yellow rust, brown rust, bunt, and smut. Thus, Kota wheat, intro- 
duced into Canada in 1921, found immediate favour, but fell ready victim to other 
diseases and has now disappeared. In Saskatchewan and Manitoba, the ‘ durum ’ 
wheats, in 1917 and 1918, were more resistant to rust than the ‘ bread ’ wheats, 
but in subsequent years this was not maintained. The breeding of wheat in 
respect of resistance to black rust (or other diseases) is a long programme, requiring 
at least 12 to 15 years before resistance can become established in the progeny. 
Recent resistant varieties are Renown, Apex, and Thatcher, the last named now 
replacing the one-time resistant Ceres which has become susceptible to the highly 
prevalent ‘ race 56 ’ of the pathogen It is gratifying to note that these 

are but the first results in the introduction of new varieties of wheat which promise 
to show a high degree of resistance to black rust In the hard red spring 

wheat areas of Canada and the adjacent States, the problem of black rust of wheat 
has now apparently been solved by the use of resistant varieties 

Although fungicidal dusts, both copper and sulphur, have proved to be highly 
toxic to rust spores their application to the prevention of rust is hardly practi- 
cable on a wide scale. As already indicated, the eradication of barberry bushes 
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from hedgerows and farmsteads should be systematically carried out, as there is 
ample evidence in Britain that black rust breaks out every year where these shrubs 
are common. 
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Yellow Rust of Wheat, Puccinia glumarum (Schm.) Erikss & Henn. 

Though yellow rust (or stripe rust) of wheat is common and more important 
than black rust in Britain, it rarely ruins the crop to the same extent as black 
rust. Throughout Europe in general, however, it appears to be the most destruc- 
tive of ail cereal rusts. In the United States it occurs in the Pacific and inter- 
mountain States 29) J and in Canada is confined to British Columbia, Alberta ), 



CH. X 


CEREALS 


353 


and west Saskatchewan ^^7) j jt occurs also in Mexico, the Argentine ; south- 
central Asia, Russia India China <3?)^ and parts of Africa 

In some years the disease is accountable for very serious losses in the field, 
due to destruction of the foliage, followed in some cases by sterility of spikelets 
or in the production of badly shrivelled grain. Though there is no substantial 
evidence that yellow rust is seed-borne, the germinative capacity of the grain is 
reduced if spores of the fungus are present in the grain-coats 

Puccinia glumarum occurs in Britain chiefly on wheat, is fairly common on 
barley, occasionally on rye, and on a large number of grasses ; on some of these 
hosts it has become specialised, and about 14 physiologic races of P. glumarum 
are known to attack different varieties of wheat ^ 7 . is, 35 a)^ 

Yellow rust appears earlier than black rust and, while in Britain and other 
parts winter temperatures are fatal to the uredospores of black rust, uredospores 
of yellow rust can tolerate very low temperatures, even many degrees of frost, 
and may often be found in the depths of winter Thus, uredospores may 

be found in England on young leaves of wheat during the late autumn. The 
disease makes little headway, however, until the crop begins to grow actively, 
but by the end of March there may be quite an appreciable amount of infection 
which, by the end of May, has usually 


become well established The time of 
earing appears to be a factor in reaction to 
infection of different varieties of wheat, 
those ripening early being more heavily 
attacked than those maturing late When 
infected plants have reached the heading 
stage it is comparatively easy to pick them 
out, even in the absence of pustules, because 
infected heads are much lighter, of a 
yellowish green, while the healthy crop is 
still green in colour. 

The uredosori appear as bright-yellow 
pustules chiefly on the leaves (Fig. 187), but 
in severe attacks they may also be found on 
the sheaths, stem, on the spikelets, covering 
the glumes, pales, and even the grain. Follow- 
ing infection, the green colour of the leaves 
first of all fades in long streaks, and later, as 
small pustules of uredospores arise along them, 
a distinct yellow-striped effect is imparted to 
the leaves. The uredosori are sub-epidermal 
and remain covered for a much longer time 
than in the other rusts, but when they finally 
break through, the yellow uredospores are shed 
and dispersed as usual by wind. They are 
spherical to ovate in shape, binucleate, very 
variable in size, from 23 to 35 by 20 to 35 /lc ; 
the spore wall is colourless, minutely echinu- 
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late, and may possess from 
6 to 1 6 germ-pores. On the 
glumes the uredosori are in 
rows parallel with the veins 
and may even be found on 
the awns. When dehiscence 
takes place the uredosori on 
the glumes mostly open on 
the inner side, upon the pale, 
so that the spores collect in 
the narrow crevices among 
the floral parts What pos- 
sible function these trapped 
spores can have is not known, 
for in such a position they 
cannot be wind-dispersed, 
and though uredospores are 
often found embedded even 
below the pericarp of the 
grain itself, there is as yet 
no confirmatory evidence that, 
on germination, spores from these sori may be carried up on the young shoot and, if still 
living, might start an attack of rust. 

The teleutosori appear later, towards the maturity of the host, on the leaf sheaths, 
glumes, more rarely on the leaf blade, but always abundantly on the sheaths. Though 
they may often be found along the edges of old uredosori, it is very infrequent that teleuto- 
spores and uredospores occur together in the same sorus, as is often the case in black rust. 
The teleutosori are compact, dull black spots, arranged in rows like the uredosori. They 
do not, however, as in black rust, break through the epidermis at all, but remain as flat 
black crusts (Fig. i88). The teleutospores are dark brown and flattened at the top in 
contact with the epidermis ; they are two-celled, from 35 to 63 by 12 to 20 /x, and are 
interspersed with brown, unicellular paraphyses. When released they are capable of 
immediate germination, thus requiring no period of rest, but apparently they serve no 
purpose, for in the life-history of P. glumarum there is no intervention of a second host 
such as the barberry for P. graminis nor are the sporidia capable of infecting wheat or any 
other cereal or grass, so far as is known. It is probable that the fungus was originally 
heteroecious but that the aecidial stage, becoming of little value, has been lost. But the 
frequency with which P. ghmarum gives rise to new physiologic races is strong pre- 
sumptive evidence that an aecidial stage exists and on which hybridisation of known races 
can occur, but no aecidia-bearing host for this rust has so far been discovered Unless 
the new races arise by mutation it is difficult to account for them in the absence of an 
alternate host 

In most places P. glumarum is believed to over-winter in the form of uredo- 
spores which, as above stated, are capable of withstanding very low tempera- 
tures 3 *' 32)^ There is evidence, too, that yellow rust can survive the winter 
as mycelium in the host leaf, and if the infected host can live through the winter, 
the mycelium produces fresh sori of uredospores in the spring h). It is probable 
that resting mycelium is capable of survival in various wild-grass hosts of this 



Fic., 188 . — Puccinia glumarum. Ay section through a teleuto- 
sorus ( X 240). By germination of uredospore ( x 240). 
Cy germination of teleutospore ( x 198). Puccinia triticina. 
Dy section through a uredosorus. Ey through a teleutosorus, 
showing I- to 3-celled spores, and paraphyses ( x 240) 
(Fig. C after Jaczewski) 
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rust, such as couch and cocksfoot, and may persist during dry summer months 
in the tissues of these hosts, under climatic conditions which the uredospores 
themselves could not tolerate. Possibly some, at least, of the grass hosts harbour 
the same races of the fungus which attack wheat and other cereal hosts of this 
rust. 

When the uredospores germinate, as on the wet surface of a leaf, the germ-tube 
forms a feeble appressorium over a stoma before the entering hypha swells up in 
the sub-stomatal space to form a rather firm, thick-walled vesicle. From the latter, 
one or more infection hyphae proceed to ramify within the mesophyll, establishing 
in these cells, here and there, uninucleate club-shaped, or sometimes branched, 
haustoria which are almost invariably to be found in contact with the nuclei of 
the host cells. Other hyphae emanating from the sub-stomatal vesicles, with 
little or no branching and without forming haustoria, run in a longitudinal manner 
under the epidermis, from one stomatal cavity to another, in the fashion of ‘ runner * 
hyphae, resulting in a continuous band of infection which may extend the full 
length of the leaf. The hyphae are very thick, lo to 19/^6 across, and may remain 
for a while unseptate or coenocytic, but later, with gradual development of cross- 
walls, short multinucleate segments are established, and as segmentation progresses 
further in both the ‘ runners ’ and the short branching hyphae, there is a gradual 
approach to a binucleate condition of the mycelium, especially in groups of hyphae 
which are seen to collect beneath the stomata. These groups consist of narrow 
hyphae 3*5 to 6 /li in diameter and develop into uredosori. A bed of binucleate 
cells gives rise to a layer of elongated basal cells, the stalks of the future uredo- 
spores, and several uredospores arise in succession from the same stalk ; para- 
physes are also formed but they are not always present \ 

P, glumarum is intolerant of high temperatures, and both spores and mycelium 
grow best around 1 1° C. ; spore germination, however, is not inhibited at tempera- 
tures up to 20°, but takes longer; the maximum temperature is about 25° C., 
which is considerably lower compared with 30° C. for the other rusts ^ 7 , 34. 36, 38) 
The importance of the temperature factor in the incidence of yellow rust may be 
illustrated by the gradual diminution of the disease in the Canadian prairie as the 
more easterly parts are reached, the high day temperatures prevailing probably 
preventing the growth of the fungus during the summer. In Alberta, again, 
the disease is prevalent only in the autumn, the spread of the rust coinciding with 
the shortening of the day and a reduction in the day temperature The effect 
of light on the development of the uredospore stage showed, however, that a 
6-hours’ day, in comparison with that of 12 hours, increased the incubation period 

Weather conditions are a determining factor in the incidence of yellow rust 
The disease is practically absent from areas which experience low rainfall and 
high summer temperatures. In localised areas, however, such as river valleys 
and other low-lying sites, conditions may be sufficiently humid to permit the 
development of epidemics In general, heavy rainfall and low average tempera- 
tures are essential to the spread of yellow rust. But apparently there are some 
strains of wheat that can succour the disease even in dry seasons. In England, 
in 1919, a very susceptible variety of wheat growing in the neighbourhood of 
other, moderately susceptible kinds, was attacked with great intensity during a 
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period of drought whereas the other varieties remained perceptibly free, the 
reason probably being that very susceptible varieties are attacked over a wide range 
of temperature, the fungus being capable of making progress in the tissues of 
the host even during hot weather ; a similar experience was recorded in Italy 
but in these instances it is probable that other factors were also incident to these 
outbreaks of yellow rust in summer weather. It is known that some races of the 
fungus have a higher optimum temperature than others, and some strains of wheat 
are equally susceptible at any age, at all times of the year 

Plants attacked severely by yellow rust suffer mostly from impoverishment 
of the root system. This is a result of heavy leaf infection, and since the roots 
of cereals in general are so dependent upon direct translocation of elaborated food 
from the leaves, having little stored for their immediate needs, the roots suffer 
badly. Moreover, active transpiration, having the effect of cooling the leaves, 
favours infection by reducing the temperature, and a turgid condition in the 
leaf cells also assists the fungus, so that the absorptive capacity of the rooting system 
is still further taxed and fails to keep up with the demands of the plant. If infec- 
tion of the wheat plant be followed from the seedling stage (it occurs only after the 
primary leaf has begun to expand) it soon becomes evident that there is a general 
retardation of growth, and though the stunted plants may fructify, the yield of 
grain and straw is reduced, and both the ears and the grain are below normal size. 
Obviously the adverse effect of the rust on the host diminishes, the longer infection 
is delayed up to heading point, but even then the roots are the parts to suffer 
most. It is remarkable that even on the more resistant varieties of infected 
wheat, on which relatively few pustules appear, there is the same general trend 
towards root impoverishment, with reduction in weight of roots, in total dry 
matter, and in the yield of grain 

Wheat is adversely affected, in respect of susceptibility to yellow rust, by 
unbalanced manurial treatment. This cereal is more open to the disease if it 
follows legumes and root crops in the rotation, owing to excess of nitrogen in the 
soil and depletion of potash and phosphoric acid, both of which confer upon wheat 
a high degree of resistance to disease ; liming also tends to check the rust i6, 23 )^ 
Infection of wheat is worse in deep loam and heavy soils than in light soils. 

It is reported that the effect of yellow rust in the leaves of susceptible wheats 
is to induce the secretion of fat from the plastids, thus preventing normal formation 
of starch in the affected cells, the fungus presumably diverting the fat to its own 
use. When the chloroplasts become disintegrated, the fungus then attacks and 
finally kills the host cells. It is thought that resistant varieties of wheat are capable 
of preventing this degeneration of the plastids and their products by the formation 
of phenolic compounds in the cell sap but how far this factor covers all types of 
resistance to yellow rust is not known, for few varieties of wheat are immune from 
yellow rust, under divergent conditions, especially in relation to fluctuating 
temperatures Even in respect of one or more physiologic races of the fungus 
from which a particular variety of wheat is immune, resistance of the host may 
be only seasonal, or it may acquire its resistance with advancing age, or it may be 
uniformly resistant only within certain limits of temperature ^3)^ 

Wheat appears to be more liable to yellow rust if simultaneously attacked by 
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bunt ; and indeed, this coincidence has been used to test relative resistance of 
wheats to yellow rust ; it is suggested that in testing wheat varieties for resistance 
to P. glumarum the grain should be previously bunted and, if no yellow rust appears, 
it is truly resistant 

Immunity from, and susceptibility to, yellow rust are inheritable properties 
in wheat ; they behave as unit characters The Fj generation of an immune 
with a susceptible strain is susceptible, but in the selfed F2 generation there is a 
3 to I susceptible to immune segregation. Resistance, therefore, is a recessive 
character, the immune F^ breeding true By hybridisation of favourable 

types of wheat, resistance to yellow rust has been established in many countries, 
but the results have no general application, and while certain varieties of wheat 
so produced have high resistance in some localities, they are liable to fail in other 
places. In Britain the variety Little Joss has been in favour for many years ; 
and at the Welsh Plant Breeding Station, while it was found that, in general, the 
differences observed in the severity of the attack by yellow rust on different varieties 
of wheat were due, perhaps, more to the time of sowing than to variety of wheat, 
few varieties proved to be truly resistant, but Yeoman possessed the valuable 
property of combining great powers of resistance to both black and yellow rusts ; 
Garton^s Early Cone and PercivaPs Blue Cone are also recommended ; the 
varieties Swedish Iron, Dutch Million, and Red-Stand-Up have also a high degree 
of resistance to yellow rust but are severely attacked by black rust 

Experiments in Germany showed that good results against yellow rust followed 
the sprinkling of highly susceptible plants of winter wheat with calcium cyanamide, 
applied at 80 to 200 kg. hectare, in the early morning 
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Brown Rust of Wheat, Puccini a triticina Erikss. 

Brown rust, also called orange rust or leaf rust of wheat, occurs in all parts 
of Britain but is of little economic importance in this country. Under natural 
conditions it is confined solely to wheat, but under experimental tests successful 
infections were obtained on a species of Agropyron {A. trichophorum ) ; and in 
Kansas a number of wheat x rye hybrids yielded to infection when inoculated 
with certain races of Puccinia triticina causing this disease In England, 

rye and barley also yielded to infection ; on rye the reaction was different from 
that on wheat and the spores produced on barley would not infect barley again 
In Indiana, in 1931, there was a reduction in yield of from 14-8 to 28*4 per cent., 
and approximately three-fourths of the grain losses in this region due to the rust 
were attributed to a reduction in the number of grains per head and the remainder 
to reduced weight per grain Brown rust is common wherever wheat is grown ; in 
certain parts of North America it can be very destructive, and in 1938 an epidemic 
of this rust was the worst on record in the United States, attacking varieties of 
wheat which had long been resistant to it and doing great damage to early hard 
red spring wheats ^*7), Qn some kinds of wheat brown rust is frequently found 
in association with black rust, but it can also attack severely other varieties of wheat 
which are resistant to black rust 

Brown rust is mainly confined to the leaves, rarely occurring on the stems and 
heads. Heavy infections, therefore, greatly retard photosynthesis with the result 
that if the disease, as in some localities, develops early, entire leaves turn yellow 
and wither before the plants are about a foot high Marked interference with 
leaf functions and a tendency to increase of transpiration consequent upon infec- 
tion cause plants to take a much longer time to head out and mature. Altogether, 
heavy rusting of the foliage retards normal maturity and this is reflected not only 
in a reduction in the grade, yield, and quality of grain but in the yield of 

straw and, in particular, as in attacks of yellow rust, in a deterioration of the 
rooting system. The roots appear to suffer irrespective of the time of infection, 
and plants which reach the heading stage free from disease may become as severely 
affected as if they had been associated with the fungus from the seedling stage. 
Heads are slow to appear on heavily rusted plants, and may either emerge slowly 
or faihto clear the sheath at all. As the crop ripens, susceptible plants do not turn a 
normal yellow but assume a greyish-green colour even after their grain has set 
hard 
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The uredosori of P. triticina break out from under the epidermis as orange or brown 
specks. They do not arise in rows or stripes as in yellow rust but are grouped in 
small clusters or irregularly scattered. The uredospores are brown and spherical, i6 to 
28 /X in diameter, the wall minutely echinulate, and furnished with 7 to 10 germ-pores 
(Fig. 188 d). Infection by uredospores occurs through the stomata, on either side of the 
leaf. Over a stoma the germ-tube forms an appressorium which, in contact with the 
guard cells, so affects them that the penetrating hypha appears to wait for the stoma to 
open, penetration being effected at one end of the opening ; it is also suggested that 
the function of the overlying appressorium may be to exert pressure between the closed 
guard cells, thereby prising them apart to admit the infection hypha Within the 
sub-stomatal cavity the invading hypha expands to form a vesicle from which branching 
hyphae develop to invade the leaf. Sometimes two or more germ-tubes may penetrate 
the same stom|, and appressoria and sometimes sub-stomatal vesicles fuse together 
at a common seat of infection. An intercellular mycelium with haustoria is soon 
established, but infection has no immediate^ adverse effect on the cells of the mesophyll, 
and the cells remain alive with their plastids full of starch for about 9 or 1 2 days after 
infection 

P. triticina rarely forms teleutospores (Fig. 188 e). In some years they are quite 
plentiful, and at other times search for them is entirely unsuccessful. Some attribute 
their erratic appearance to vagaries of climate, while others find that their formation 
appears to depend on a certain stage of maturity attained by the host ^24). The sori are 
scattered chiefly on the underside of the leaf and on the sheaths, and, like those of yellow 
rust, do not break through the epidermis. The teleutospores resemble those of yellow 
rust in size and shape but the sorus is divided up into small groups by the interpolation 
of paraphyses. The spores are smooth and brown and are said to be viable for two 
years 

An alternate host on which this rust might develop its aecidial stage remained 
undiscovered for a long time, until 1921, when aecidia were found, in the United 
States on the meadow rue Thalictrum flavuniy and other species of Thalictrum 
also yielded to sporidial infections. Aecidia are, however, not of common occur- 
rence on Thalictrum in nature, and so far they have not been discovered in Britain. 
In this country they may possibly exist on a different host, for in East Siberia they 
were found to develop under natural conditions on the leaves of another member 
of the Ranunculaceacy namely Isopyrum fumarioideSy and wheat was successfully 
inoculated with the aecidiospores produced on this alternate host ; probably the 
climatic conditions in Siberia are favourable to the development and normal 
germination of the teleutospores Moreover, three species of Echtum, one of 
Anchusa and two of Cynoglossum (of which the viper’s bugloss, alkanet, and hound’s 
tongue are species of these genera, respectively, common in this country) 
reacted positively to infection with a certain race of P. triticina in Portugal 
The fungus is heterothallic. In the leaves of Thalictrum sporidial infections are 
followed by the establishment of an intercellular mycelium in the mesophyll 
in the cells of which small, unbranched haustoria are developed ; spermagonia 
appear on both sides of the leaf and the production of spermatia is accompanied 
by a copious discharge of fragrant nectar ; aecidia are formed towards the lower 
side of the thickened leaf 

In the absence of an aecidial host in nature, P. triticinUy like P. glumarum^ 
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apparently depends upon the survival of its uredospores to carry the disease over 
from season to season, and as the spores can tolerate low temperatures they can 
survive on host-remains in the field as well as on volunteer plants until the new 
crop appears. It is probable, too, that brown rust is enabled to winter as mycelium 
in the host leaf, and if the infected host can survive, the mycelium may produce 
fresh sori of uredospores to start new infections in the spring 

P . triticina embraces over a hundred physiologic races, some of which have pro- 
bably arisen by mutation ; about eight races are known in Britain ^ 

All these races of brown rust apparently produce different, and in some cases 
abnormal, effects on different varieties of wheat according to changes of environ- 
ment, especially if exposed to extremes of temperature and variable degrees of 
light intensity. There appears to be an increase in resistance in normally suscept- 
ible reactions, found in many forms, associated with low light infensity and low 
temperature. Thus, at temperatures .of 57° to 75° F., the varieties Malakoff, 
Norka, and Democrat developed greater susceptibility, while Carina, Brevit, 
and Hussar showed greater resistance to brown rust at these temperatures 
In general, as regards susceptible varieties of wheat, low light intensity tends to 
reduce susceptibility to brown rust, and susceptibility is increased as temperature, 
soil moisture, and light intensity are increased. An increase in protein and 
sugar content, at high soil humidity, appears to increase susceptibility to brown 
rust (23 a) Varieties of wheat which normally exhibit resistant reactions are on 
the whole less sensitive to fluctuations of the environment than those showing 
susceptible reactions (23)^ 

This disease is favoured by the same meteorological conditions as those which 
favour black rust, but brown rust can develop over a wider range of temperature, 
especially at temperatures below 15*^ C, (60° F.) 

Relative resistance of wheat to brown rust is closely correlated with the age 
of the plant. Certain varieties of wheat, when inoculated with certain races of the 
fungus are highly susceptible when in the seedling stage and very resistant to the 
same race of the parasite at heading time. Furthermore, these same varieties 
showed the uppermost leaves to be more resistant than the lower, older leaves, 
probably because in the latter the fungus finds a food more suitable to its needs 
and which has not as yet been formed or stored up by the younger leaves, 
or it may be that phenolic compounds are present in an active toxic state in 
the younger tissues. In certain varieties of wheat, as in Mammoth Red, the 
tips of the leaves were mofe susceptible to the rust than the younger tissues near 
the base 

Resistance to brown and other rusts is clearly a complex problem and is affected 
by various factors, some of which are inherent in the host and others environmental. 
In general, the summer wheats are more susceptible than winter wheats to brown 
rust (24), In certain localities in Canada and the United States there are several 
valuable wheats which are resistant, such as Carina, Brevit, Webster, Hope, and 
others, and hybrids between some of these and other valuable, though susceptible, 
forms give promise of stHl greater resistance in the progeny 4, s, 19, 20, 21)^ 

The following are the chief macroscopic features whereby the three rusts of 
wheat can be distinguished : 
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Black Rust 
(P. graminis) 

Stems most severely at- 
tacked, then leaf sheaths, 
leaves, and ears. 

Uredosori large, elongated, 
coalescing and dehiscing 
early, breaking up large 
fragments of the epi- 
dermis. 

Colour brown, becoming 
darker as teleutosori are 
formed in the same pus- 
tule. Found on all green 
parts of the plant. 


Teleutosori like uredosori 
but black. Burst rather 
early. Found on all green 
parts of the plant, but 
least on the leaf blades. 


Yellow Rust 
(P. glumarum) 

Leaves most severely at- 
tacked, then leaf sheaths, 
stems, and ears. 

Uredosori small, oval, not 
usually joining together, 
bursting late and with 
little displacement of the 
epidermis. Arranged in 
rows or stripes. Colour 
brown-yellow. Found on 
all green parts of the 
plant. 


Teleutosori like uredosori 
but more flattened, dull 
black, and often run to- 
gether. Do not burst 
through the epidermis. 
Arranged in rows. Chiefly 
on under surface of leaves 
but also on all green parts 
of the plant. 


Brown Rust 
(P. triticina) 

Attacks leaves almost ex- 
clusively, rarely leaf 
sheaths, very rarely stems. 

Uredosori small but often 
longer than in yellow rust, 
oval or round, not usually 
running together, burst- 
ing with a fringe of 
broken epidermis around 
them. Never in long rows. 
Colour bright orange 
when fresh, becoming j 
brown. Chiefly on upper 
side of leaf. 

Teleutosori often absent ; 
when present resemble 
uredosori but more flat- 
tened and dull black. Do 
not burst through epider- 
mis. Chiefly on under | 
surface of leaves, very rare 
elsewhere. 
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Bunt or Stinking Smut of Wheat, Tilletia caries (D.C.) Tul. 
and Tilletia foetida (Wallr.) Liro. 


Bunt or stinking smut of wheat is a much more serious disease of wheat, where 
it is prevalent, than the loose smut caused by Ustilago described below. 

Owing to the efficacy of seed treatment in the control of this disease, however, 
bunt has gradually dwindled in importance in Britain, but there has recently 
been a conspicuous increase and it is imperative that protective measures should 
not go out of practice. The disease is caused by two allied species of the lower 
Basidiomycetes, Tilletia caries ( = T. tritici), and Tilletia foetida { = T, levis). The 
former is much the commoner in Britain, where the latter is seldom met with 
or apparently absent though there are areas in the United States and else- 
where in which foetida alone is often found 44) Bunted kernels are some- 
times found on wild and cultivated grasses, e.g. Triticum, Agropyron, and Lolium, 

and four other species of Tilletia 



Fig. 189. — Bunt {Tilletia caries)^ and loose smut {Ustilago 
trittci)y of wheat. bunt, showing broken grains 
liberatmg the spores. B, C, loose smut, showing 
various stages of ear disintegration. D, a mixture of 
the spores of bunt (large) and of loose smut (small) 
(photos B, £>, by Dillon Weston ; C, by Foister 
& Noble) 


are recorded on grasses in Britain 

(5 a, II, 40)^ 

^ Losses caused by bunt are 
due to the replacement of the 
grain contents by smut spores, 
the grain coats being left more 
or less intact. Unless controlled 
they can be very serioms ; (thus, 
it was calculated that in 1927 
bunt reduced the United States 
wheat crop by over 28 million 
bushels, an average of | bushel 
per acre harvested In 

Siberian Russia the average 
weight of healthy wheat grains 
of Triticum vulgar e var. lutescens 
was 34-578 mg. as compared 
with 11-159 mg. in bunted 
grains, and the loss of nutritive 
substance in infected grain was 
56 per cent, of that of healthy 
grain of the variety ferrugineum, 
and 68 per cent, for the variety 
lutescens (33 a)^ ,The disease has 
the effect of shortening the 
straw, but tillering is often in- 
creased '5, 32, 39, 43). At 
maturity the ears remain erect, 
dark or olive green, and with 
open pales and glumes within 
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which the black bunt ball is seen (Fig. 189 a). Bearded varieties have deformed 
awns or the latter may be absent Bunted grain (‘ butts ’) are plumper and 
shorter than healthy grain. Some ears may escape infection in diseased stools, 
or an infected ear may bear single healthy grains. Wheat infected with bunt has 
been observed in Britain to show increased susceptibility to yellow rust caused by 
Puccinia glumarum (p. 357). 

A bunt ball may contain from i to 4 million spores united into a greasy mass 
which hardens on drying, and has a pronounced smell of rotten fish due to tri- 
methylamine. The bunted grain may remain unbroken during harvesting, but 
at threshing is often ruptured and may contaminate clean grain at any stage from 
harvest to sowing 20, 25)^ 7 "he spores adhere to the healthy grain, and other 
spores remaining in the threshing machine or sacks used for storing bunted grain 
serve to contaminate further stocks of clean grain. There is no spread of disease 
in the standing crop and infection occurs only in the soil when contaminated 
grains germinate. 

The two species T. caries and T. foetida differ chiefly in their spores, the former 
having a reticulate wall, the latter a smooth one. In T, caries the spores, 15 to zi /it in 
diameter, are rounded, while T. foetida has more irregular spores measuring 16 to 25 /x. 
Both germinate in the same way by producing a stout germ-tube (promycelium) which 
bears a cluster of up to 24 elongated primary sporidia at its tip The fusion of these 
in pairs and the subsequent formation of secondary and tertiary sporidia, which are 
forcibly discharged by the water drop mechanism (and are held to be the true basidio- 
spores) has already been described (p. 41). 

The haploid mycelium from the basidiospores (Fig. 63) is composed of thin non- 
septate hyphae, which must unite with mycelia of cemplementary sex to form a septate 
mycelium of stouter binucleate cells before infection can result Both T, caries and 
T, foetida are heterothallic, so that only mycelia from two sporidia of sexually compatible 
strains are able to fuse and produce the full parasitic life cycle terminating in the diploid 
zygote Fusion of paired nuclei has been observed just prior to the maturation of 

the smut spores, and it is a natural assumption that the fusing nuclei are descendants of 
those derived from two complementary haploid sporidia, although it is not possible to 
trace a regularly binucleate mycelium in the intervening stages. 

Growth of the sporidial mycelium is poor below 5"^ C. but improves from 10° 
up to about 20°. Spore germination is good in the soil at temperatures some- 
what below those (12° to 16°) that favour rapid growth of winter- wheat seed- 
lings and considerably below the optimum (16® to 20°) for spring- wheat 
varieties 10, 16, 28. 34), Infection occurs over a soil-temperature range of 5° to 20° 
but is greatest about 10°. This is widely believed to be due to the fact that the 
seedling is only susceptible up to the time of emergence of the first green leaf 
from the coleoptile, and the longer this period of susceptibility lasts the greater 
the chance of successful infection. The evidence cited below, that varieties of 
wheat differ from one another in this response to inoculation at different soil 
and air temperatures may be one of the reasons why the predominant part usually 
assigned to the length of the pre-emergence stage of seedling growth in the 
initiation of infection has been questioned by some investigators 

Following upon penetration of the coleoptile the parasitic mycelium passes to 
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the young shoot where, in successful infections, it keeps pace with the growth 
of the host, causing little interference to it until the formation and development 
of the ears It is found chiefly in the loose cells of the pith which does not 

become hollow in infected, as it does in healthy plants Eventually hyphae 
accumulate in the ovaries, the cells of which are crushed and replaced by hyphal 
masses. As above mentioned, it is in these hyphae that fusion of paired nuclei 
takes place and there is a rapid transformation of the hyphal mass into smut 
spores filling all the grain internal to the pericarp to constitute a bunt ball. It 
has been suggested that factors stimulating growth of the host more than that of 
the fungus are responsible for failure of the latter to reach the ears in some tillers, 
but this seems difficult to establish, especially as wheat varieties react differently 
to such factors. Thus, while Hope wheat had only 2*4 per cent, bunt when trans- 
ferred from 9° to 21° C. after emergence but was 100 per cent, bunted when grown 
throughout at 9°, the variety Jenkin showed a high percentage of infection under 
both treatments \ That factors stimulating the growth of the host may enable 
it to outgrow infection seems a priori to be likely, and the observation that nitro- 
genous fertilisers may check bunt may find its explanation here. The depth 
of planting has been considered to be important in some cases, either because 
deep planting may lengthen the susceptible period of the seedling or too shallow 
planting may bring it up into unfavourable aerial conditions for growth ^7, 24, 26) 

' Soil moisture is another factor of importance in infection, as bunt is inhibited 
in very wet or very dry soils ; in one series of experiments the percentage of in- 
fection was i0‘7 in a very moist soil, 55-3 in one normally moist for sowing, and 
22-3 in a dry soil. High moisture induces rapid germination of the wheat while 
retarding spore germination on account of deficient oxygen ^^ 4 , 45). Though the 
spores in bunt balls may germinate after 8 years and isolated spores after 3, if 
kept dry, those lodged in moist soils will mostly have germinated after a few months, 
so that in ordinary rotations their vitality is lost before the next crop is sown. 
Freezing preserves the spores, however, and bunt balls are known to survive on 
the winter-frozen soils of western Canada and a small part of the United States. 
In this area winter wheat can be attacked from the soil though in the rest 
of North America the intermittent heat and cold soon rids the soil of contamina- 
tion An exception may be found in soils rich in organic matter in which 

the fungus can remain as a saprophyte in the sporidial stages over long periodsj^ 
The relatively lower incidence of bunt in sandy soils as compared with those rich 
in humus may be partly due to failure to establish a saproph3^ic phase in the former 
but is also believed to be associated sometimes with the reaction of light acid soils, 
since the limit on the acid side for the germination of bunt-spores in soil has been 
found to be about /)Hs 34) j there is evidence that soil type affects the course of 
germination of the spores rather than resistance of the host. It is not certain 
whether soil infection occurs in England, and upon this point further investigation 
is desirable ^ 32 a), 

Numerous physiologic races of both T, caries and T.foetida are known, differing 
in pathogenicity, size, shape and hardness of the bunt balls, degree'of reticulation 
of the spore wall, stunting of the host, dropping of awns, partial infection of the 
stool, and so on 5, n, iietseq., 36, 38b, 47). 0\s1ng to its nuclear history the bunt 
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ball comprises many diploid heterozygous units which may segregate for various 
characters on germination ; new infections may tend to screen out some of 

these This is the probable explanation of the observed fact that continual 

passage through a given variety of wheat sometimes tends to enhance virulence, 
though it is also possible that quite new strains may arise as a result of hybridisation, 
as has been found to occur in the cereal rusts on their aecidial hosts. Breeding 
against bunt meets with the familiar difficulties due to multiplicity of strains of 
host and parasite, and when (as is usual) resistance is first evident at the post- 
penetration stage, it is not always easy to determine whether this is due to a direct 
influence of the host cells or to such indirect factors as the relative rates of growth 
of host and parasite The latter is, perhaps, the more probable explanation 

of the fact that some varieties are resistant when sown in the spring and suscept- 
ible when sown in the autumn No varieties appear to be known that 

are resistant to bunt in all localities under all conditions. Nevertheless a number 
of resistant varieties are now in cultivation in Canada and the western United 
States 37). 

Breeding against bunt is of relatively minor importance except when contamina- 
tion comes from the soil, owing to the ease with which the usual source of infection 
from spores adhering to the grain can be eliminated by seed treatment. The 
* pickling ’ of wheat-seed grain against bunt is one of the earliest examples of the 
use of chemical therapeutants in the control of plant diseases. 

Copper sulphate was long the standard remedy for bunt and is still occasionally 
recommended. It is used as a solution of i lb. in 5 gallons water (equivalent to 
2 per cent.) and is sprinkled over the grain spread on a floor, the heap being 
repeatedly turned over until every grain is wetted. It is then dried, being turned 
over again a couple of times, and is ready for sowing. An alternative is to steep 
the grain by immersing it completely in a non-metal vessel (e.g. a barrel) containing 
the solution, stirring it well for about a minute, and skimming off the bunt balls 
which will rise to the surface. The solution is then drained off for further use and 
the grain dried quickly. Steeping is preferable to sprinkling when there are many 
bunt balls, as the spores inside the balls are not killed by the treatment. Copper 
sulphate causes some damage to the grain, as the deposit on the seed injures the 
delicate primary shoot and reduces germination ; the injury is slight if the seed 
i^^own within 24 hours but is quite appreciable if sowing is delayed. 

I When formalin was introduced, it soon replaced copper sulphate as a remedy 
for bunt in most countries. Sprinkling with i lb. commercial formalin in 40 
gallons water is efficient if the grain is well wetted by turning over. Steeping by 
complete immersion for 10 minutes has the same advantage as with copper sulphate 
in enabling bunt balls to be renaoved ; it can be done in metal vessels. Whether 
sprinkled or steeped, the grain must be kept moist for about 2 hours after treatment 
by covering the heap with sacking soaked in the same solution. Formalin is 
convenient, very effective, and less injurious to germination than copper sulphate, 
though it is still advisable to sow early, within 24 hours if possible. 

Dusting with dry copper carbonate was first introduced as a remedy for bunt 
in Australia and has found favour there and in the western part of the United 
States, as the dusted grain is protected from reinfection from the soil or otherwise. 
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It is little used in Britain, where the moister seed beds and soils reduce its special 
advantages. A dosage of 2 to 3 oz. per bushel is adequate, provided the com- 
pound is of high grade and finely powdered so as to secure good admixture with 
the grain when both are rotated some 20 times in a revolving drum or 
barrel ^3, 42), Xn Nebraska the efficacy of the treatment has been enhanced 
by winnowing out the bunt balls by fanning prior to dusting 

Where cereal-seed dressing has become a routine, the use of proprietary organo- 
mercury dusts has largely supplanted all other methods of combating bunt in the 
more advanced countries and, as already mentioned (Chaper VII), has received 
official support in England. 
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General : 

Holton, C. S., and HeaW, F. D. : Bunt or Stinking Smut of Wheat {a world problem). 
Burgess Publ. Co., Minn. U.S. A. 


Loose Smut of Wheat, Ustilago tritici (Pars.) Rostr. 

Loose smut is common wherever wheat is grown, but, in general, is not so 
serious as the ‘ stinking smut ’ or bunt of wheat described above. It is not an im- 
portant disease of the crop in Britain, but in certain areas in the United States it has 
been reported to cause greater loss than any other wheat disease ; in Utah, in 
1917-26, its estimated toll averaged more than 10 million bushels annually 

There are no signs of the disease in the crop until the ‘ heading ’ stage is 
reached, when infected plants are recognised by the black smutted appearance 
of the ears (Fig. 1893,0). The smutted heads consist of deformed spikelets 
filled with black, dry, powdery masses of spores (‘ brand ’ spores). At first covered 
by a thin, grey membrane, these masses, which break out usually before the head 
emerges from the sheath, form dense aggregations of dark olive-brown spores 
which have entirely replaced all the floral parts and glumes, and only the ends of 
the awns usually escape transformation. Ears affected with loose smut are thus 
much more easily detected in the crop than bunted ears in which the spores 
normally remain covered throughout the growth of the crop. After a gust of wind 
or heavy rain nothing remains of the smutted ear except the naked stalk. Ordin- 
arily all the heads on a plant are affected, and while the smut is confined mostly 
to the ears, sometimes dark streaks of spore formation may occur also on the leaves 
and less often on the stem. 

Smutted heads emerge from the leaf sheath usually about the same time as, 
or very often in advance of, the heads of healthy plants. In dry weather the spores 
are blown in clouds throughout the crop when the heads are in bloom, and during 
intermittent brief intervals when spikelets are open for pollination, infection of 
the flowers takes place. In this way infection of wheat by loose smut is different 
from that caused by bunt, for though bunted grains may sometimes break open 
in the standing crop, they normally remain intact until after harvest, when they 
are threshed along with the healthy grain. Though wheat plants (and the cereals 
in general) are usually self-pollinating, wheat is reported to possess 3 to 4 per cent. 
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Fig. 190 . — Ustilago tritici. Ay 
the spores ( x 500). By C, 
spore germination ( x 500) 
(after McAlpine) 


‘ natural crossing but this in no way implies that 
the self-fertilising habit of the plant interferes with 
St ^ germination of smut spores on the stigmas. 

S i S ^ However, as far as is known, this is believed to be 

^ the only way by which loose smut can be conveyed 
to the developing grain on healthy plants. Such 
infected grain at harvest is, however, indistinguish- 
able in appearance from perfectly sound grain, but 
when sown, systemic infection takes place, culminat- 
ing in the production of smutted ears once more. 
This is the entire life-cycle and there is no evidence 
that direct infection of the seedling takes place from 
without, from spores or any other form that the 
fungus might adopt in the soil, or from spores ad- 
herent to the grain. 

The olive-brown spores, a little lighter in colour on 
one side, are spherical, occasionally oval, finely echinulate, 
from 5 to 9/1, in diameter (Fig. 190). They germinate 
in water or nutrient solutions to form each a germ-tube which develops in the usual way 
to become a promycelium (basidium) of four uninucleate cells. But there is no formation 
of sporidia. The haploid nature of these four promycelial cells was determined after 
they had been induced to separate from each other at their septa by exposure to low 
temperatures, when the separated cells, cultured on potato dextrose agar, gave rise to 
colonies of dilferent sex ; these ‘ plus * and ‘ minus ' strains in contact produced a 
distinct zone of growth quite different from the appearance of either of the haploid 
colonies, and in the zone hyphal fusions and hyphae with paired nuclei were found, 
features which were absent in colonies of the same sex When haploid cultures were 
used to inoculate the flowers the results were negative, but with cultures derived from 
compatible paired strains a high percentage of infections was obtained (*). U, tritici 
embraces a number of physiologic races, some of which appear to predominate over 
others according to the locality and type of wheat attacked 21, 31) is claimed 

that this species is not distinguishable from U. nuda causing loose smut of barley, except 
perhaps in pathogenicity, and that the two should be regarded as races, priority being given 
to the designation U. tritici. In Rumania, winter wheat was apparently attacked by 
only one race, while infections on summer wheat yielded three distinct races of the 
pathogen ^*0). 


The spores, caught up on the protruding stigmas of the flowers, geriflffiate on 
the moist stigmatic cells, to put forth their promycelial tubes, as above described, 
and presumably, from a dikaryophytic mycelium, infective hyphae arise which, 
by exploiting the intercellular spaces and pollen-tube tracks in stigmas and style, 
eventually reach the ovary The greatest amount of infection has been ob- 
served by some to take place during the periods of Tull bloom but others found 
more infection in flowers in which the stamens were still green and immature 
The period during which the young ovary is liable to infection is very limited 
and may extend from a to 7 days coincident with the duration of blooming, and 
successful penetrations are only accomplished before the integument of the ovule 
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has begun to harden, which is about 10 days after blooming, penetration of the 
ovule usually occurring between the 7th and the loth day. Thus, ovaries of Little 
Club wheat failed to develop infection 8 days after inoculation, and though they 
were then only J of their size at maturity, they had passed the stage of susceptibility 
to loose smut In successful penetrations the fungus in about three weeks has 
reached as far as the stalk of the ovule and then proceeds to exploit the endosperm, 
scutellum, and the embryo. A further period of four weeks has established 
infection in all parts of the embryo except the root, and the scutellum is also found 
to harbour a considerable amount of mycelium ; in the scutellum the hyphae 
are a little broader than in other parts, where they are about 2*5 to 3 /x in diameter, 
but at all times invasion occurs in an intercellular manner. The extent of fungal 
invasion into the various parts of the ovary varies according to the type of wheat. 
In some the fungus may go no farther than the pericarp, while in others all parts 
of the embryo, even root primordia, may contain mycelium Despite this 
infection the swelling of the grain is in no way impeded and the tissues remain 
unharmed. The fungus, becoming somewhat thicker- walled, remains dormant 
in the seed, and from superficial examination at harvest time, infected grain can- 
not be distinguished from sound grain. The fungus revives when the infected 
grain is sown along with the sound, the hyphae just behind the growing point 
of the embryo keeping pace all the while with the apical growth of the plant. 
The fungus invades the stem, leaf sheath, and lamina, and is present mostly in 
the tissues of the stem and to a greater extent in the sheath than in the lamina, in 
which it is sparse Finally, when the heading stage is reached, the fungus 
becomes active within the spikelets and, in place of the normal contents, dense 
masses of spores arise, as described above. Although the ultimate effect, the 
destruction of the grain in the ear, is the same in both bunt and loose smut of 
wheat, it must be borne in mind that bunt infection starts in the soil from spores 
adherent to the surface of the healthy grain, that is, from contaminated grains, 
whereas grains affected with loose smut carry the fungus from flowering to harvest ; 
this has an important bearing on the methods for controlling these two diseases. 

Some have noted in infected plants a slight hypertrophy of the tissues near 
the vascular bundles, with an enlargement of intercellular spaces and an increase in 
the number and size of the stomata in infected leaves, in which, again, the palisade 
cells were shorter and less compacted than in healthy leaves • others have 
noticed on some varieties (Hope, Preston) of smut-infected wheat a distinct 
greyish- purple colour on the leaf sheaths and on parts of the culm and a 
hypersensitiveness of a number of spring varieties of wheat to certain races of 
the fungus, expressed by inhibition of growth with chlorotic striping and curling, 
under greenhouse tests but these are exceptional and, in general, there is no 
external evidence of the presence of infection prior to emergence of the heads 

There is no general support to the view that blossom infection is encouraged 
by those strains of wheat which have the capacity to open the spikelets wider and 
to keep them open for a longer time than others. This capacity, possessed for 
instance by the variety Prolific, by virtue presumably of the larger size of its 
lodicules and their high turgescence, is said to account for seven times as much 
natural infection by U. triiici as in the smaller-lodiculed variety du Banat 
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On the other hand, neither the extent nor the duration of the opening of the glumes 
had any bearing on relative resistance to this smut of a susceptible strain of Dawson 
wheat and a resistant strain of Forward wheat, both of which possessed these 
characters to the same degree 

It is not easy to correlate the incidence of loose smut with the effects of environ- 
mental conditions It is said that seed sown in rich soil produced a lower 
percentage of smutted heads than seed in poor soil Others state that the 
incidence is unaffected by conditions of temperature, rainfall, or date of sowing, 
and apparently depends only upon the amount of infection in the seed It is 
reported, however, that in certain areas in the United States smut is more pre- 
valent in the moister eastern than in the drier western parts of the country. In 
the presence of a low humidity, moisture for spore germination in the heads 
appears to be too scanty to enable infection to reach the ovary during its susceptible 
period. In areas where humidity is low at flowering time, smut does not occur. 
The important consideration for successful head infection appears to be not 
so much a prolonged period of heavy humidity as of the amount of moisture 
prevailing during the critical period of blossoming. Thus, flowers of Little Club 
wheat exposed for 8 days after inoculation to low (ii to 30 per cent.) and com- 
paratively high (56 to 85 per cent.) rates of humidity yielded 21*9 and 93*96 per 
cent, smutted plants respectively But humidity relations are considered to be 
much more important in the incidence of smut than those of temperature. Some 
physiologic races of U, tritici react differently to temperature ; the optimum 
temperature for growth for some races is 20®, for others 25°, while still others have 
a wider range for growth 

Photosynthesis is said to be more active in smutted than in healthy plants, 
during early growth up to about 25 days or so, after which the general building 
up of the plant appears to suffer a retardation, for at flowering time the average 
dry weight of smutted plants was only 60 to 64 per cent, normal weight Like- 
wise, respiration of smutted plants during early growth was more active than that 
of healthy plants and then became more or less constant until the ears started 
to develop, and from that stage onward the respiratory ratio was again in favour 
of diseased plants ^*5) • the amount of soluble sugars was found to be higher in 
smutted plants, due possibly to the extra drain on the starch content of the host, 
the amount of starch being found to be proportionately less in smutted than in 
healthy plants K There does not appear to be any relation between host resistance 
to loose smut and the degree of hydrogen-ion concentration of the cell sap of the 
plant 

There is no evidence of any relation between morphological characters of 
wheat strains and resistance to loose smut. Highly resistant and immune strains 
are found in many varieties of wheat, e.g. Fultz, Fulcaster, Hussar, Ridit, Preston, 
Junior No. 6 (Gold Coin), Leap, etc. and new varieties of wheat continue 

to be produced which show high resistance to this and other diseases of the 
crop It is claimed that resistance to loose smut in wheat is inherited 

as a Mendelian recessive character 

Loose smut may be checked to a great extent by the well-known method of 
soaking the grain in hot water, the object being to destroy the infection within the 
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seed without harming the embryo. 

The most practical way is to carry 
out the treatment with small lots of 
grain, this being preserved for the 
new sowing for next season. Special 
seed-raising areas should, if possible, 
be protected from the prevailing 
winds at blossoming time to reduce 
the risk from blown spores, and no 
wheat fields should be nearer than 
500 yards ; fields of other crops and 
surrounding trees acting as wind- 
breaks will help to reduce external 
infection. The hot-water treatment 
(Fig. 191) consists of a pre-soaking 
for 4 to 6 hours in cold water to 
ensure complete wetting of all the 
grains. The grain is then placed in 
small sacks which are immersed in 
water at 129° F. (54° C.) for 10 minutes, and during this period it is essential to 
maintain this temperature, for below it the mycelium is not killed, and if it goes 
higher the grain may be harmed. Since the maintenance of a correct temperature 
is of vital importance, it is recommended to have two tubs of water, one heated to 
about 120° F. in which to give a brief dip of two minutes or so, and then the 
final immersion at exactly 129° F. for 10 minutes will ensure an equable tempera- 
ture. A thermometer is essential, and hot water should be added or a jet of steam 
introduced if the temperature falls, the grain being stirred meanwhile The 
grain should be turned out at once and allowed to dry quickly to avoid mouldi- 
ness, and should be sown when dry. 

It is claimed that the efficacy of the hot-water treatment is bound up largely 
with the exclusion of oxygen, so that by inducing intra-molecular respiration in 
the grain, alcohol and other katabolic products are set free which are lethal to the 
fungus. Accordingly, the addition of 2 to 5 per cent, alcohol during the water 
treatment not only curtailed the process but it is claimed that at 45° C. infection 
was completely eliminated after a 6-hours’ treatment it is quite likely, too, 
that the addition of the alcohol renders the grain more easily wettable, and this in 
itself would shorten the process. 

Growing a crop in a dry area for a season, where the conditions of humidity 
would be so low as to inhibit spore germination at the blossoming period, is said 
to give a smut-free crop without seed-treatment. But it is obviously of advantage 
to procure seed-grain from certified smut-free crops if possible. 

Seed treatment with disinfectants such as are employed with other diseases of 
cereals is of no value, since the infection is internal in the grain. 
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Fig. 191. — A device for treating gram with hot 
water (after Brentzel, N. Dak, Agric, Exp. 
Stn. Ctrc. 29) 
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Powdery Mildew of Cereals, Erysiphe graminis DC. 

Mildew diseases caused by various members of the Erysiphales are exceedingly 
common on a great variety of plants in the open and under glass. They are familiar 
by the white powdery effect which they produce on leaves, stems, and sometimes 
flowers of their hosts. The various species of mildew fungi are highly specialised 
in their choice of hosts, which they attack mostly when the plants are in full vigour 
of life, at no time thriving on their dead remains, so that they are eminently 
obligate parasites. 

Mildew caused by the species Erysiphe graminis is found on a wide range of 
cereals and grasses ; specialised races of this parasite attack oats, barley, rye, and 
wheat, and also the grasses Agropyron^ BromuSy DactyliSy PoQy and Elymus 
26, 27 , 38) Thus, a mildewed crop of wheat offers no danger of infection to a 
neighbouring field of oats or barley, and vice versa. Moreover, some of these 
specialised races break up into distinctive physiologic races nine and 

three of which have recently been reported on barley and wheat respectively a)^ 

The damage done by mildew is difficult to assess, since the host is not usually 
destroyed, but the general effect is to cause discoloration and weakening of the 
plant and is more noticeable under glass than in the open. Losses on cereal 
crops grown in rotation are negligible, but when the same crop is cultivated on the 
same land repeatedly losses may be high in individual fields <21). Mildew develops 
abundantly during the early summer and continues through the autumn to early 
winter. The symptoms are much alike on all the common cereal plants (Fig. 192). 
The fungus develops most conspicuously on the leaves, usually on the upper 
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Fig, 192. — Mildew of cereals {Erysiphe graminis). 

A, on oat leaf. B, on ears of wheat (photos 
by Foister & Noble) 

surface but sometimes also underneath, and also 
on the leaf sheaths and stems. The effect on the 
plant at earing is very variable, and the young in- 
florescences may be unaffected, or sometimes be so 
badly mildewed as to check their development or 
cause them to wither completely (Fig, 192 b). The 
mycelium on the host is entirely superficial, forming 
a flocculent matted growth, at first white when the 
conidia are being formed, thereafter changing into 
a grey or reddish-brown colour when cleistocarps 



Fig . 193 . — Erysiphe graminis. 
A, conidiophore and con- 
idia. Bf a cleistocarp. C, 
ascus with ascospores (A 
and C, after Salmon ; B, 
after Delacroix) 


are developed. From much discoloration and coverage of the host-epidermis 


by the fungus, photosynthesis is feeble and there is much chlorosis, with a conse- 


quent weakening of the plant. In bad cases the leaves are crinkled, twisted, or 
variously deformed ; the top of the shoot may droop and wither, and ear develop- 
ment may be wholly or partially checked according to the severity of attack on 
the leaves. In Southern Rhodesia in 1940 barley mildew reduced the yield of the 
crops by checking stooling of the young plants 

Mildew may attack the cereal host as soon as the first leaves appear above 
ground, sometimes killing young seedling growth very early, but mostly the disease 
is in greater vigour on well-established plants. Later on, usually at earing time, 
when the production of conidia is waning, the superficial mycelial weft develops 
the perfect ascigerous stage of the fungus in the form of small, dark, spherical 
cleistothecia or cleistocarps (Fig. 193 b). 

The superficial mycelium is anchored to the host only by the lobed haustoria 
which enter the ^pidfermis, and penetration is rarely deeper into the mesophyll 
of the leaf (Fig. iii). The septated hyphae of uninuclear cells, 4 to 5 /x wide, 
are interlaced to form a web covering to greater or lesser extent large expanses of 
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leaf and stem. Conidiophores from hemispherical swellings on the prostrate 
mycelium arise from the web, at right angles to the leaf, from any cell of its 
hyphae, each to form a chain of about lo to 20 conidia, the oldest terminating 
the conidiophore. The conidia are elliptical, hyaline, uninucleate, 25 to 30 by 8 
to 10 /X ; they readily fall off and are dispersed by wind (Fig. 193 a). They do 
not retain vitality at high temperatures ; and though a temperature of 20° 
or 21° C. appears to be best for mycelial growth, lower temperatures of 5° to 
9"^ C. are more favourable for starting the germination of the conidia 

The cleistocarps are globose-depressed, from 160 to 192 by 120 to 130 /x in diameter ; 
other dimensions given are, 135 to 280 /x in diameter, usually about zoo fx ; black, 
partly immersed in the mycelial weft ; furnished with simple, or slightly branched, pale- 
brown appendages ; each contains 9 to 30 cylindrical or ovoid asci, 40 to 60 by 25 fi 
The asci are also described as being more or less longly pedicillate, 70 to 108 by 25 
to 40 jjL ; ascospores 8 (rarely 4) measure from 20 to 23 by 10 to 13 /x ^33). The cleisto- 
carps are frequently abortive. The formation of cleistocarps of E. graminis is precarious 
and variable ; (their development on wheat appears to be on different lines from 
other cleistocarps of Erysiphaceae They appear to be set free from the host only 
after being wetted, the appendages seemingly taking no part in their release though 
others state the contrary Moreover, it is reported that the cleistocarps do not 
complete the development of their spores unless supplied with abundant moisture ; it 
is quite probable, therefore, that they remain to all appearances abortive under dry con- 
ditions on the plant which bears them, but complete their spore-development after 
being wetted and conveyed to a new host. Cleistocarps of E, graminis containing 
immature asci were induced to complete their development by immersing them in 
water cooled to 9° C., thereafter transferring them to a constant temperature of 21° C., 
but a preliminary freezing checked them These fruiting bodies are said to appear in 

greater number on maturing plants or on older leaves of younger plants as a result, 
according to some, of a decline in the nutritive value of the host *3) such as after 
exhaustion from conidial production, but on this point opinions seem to differ *3). 

It is recorded that though cleistocarps of E. graminis may be well developed 
and plentifully formed on barley they appear to play little or no part in the spread 
of the disease on barley On wheat, however, they are said to be func- 

tional Whether all the known physiologic races of the specialised form of the 
fungus on barley are equally ineffective is not known, but clearly there exists some 
other method of spreading cereal mildews in general, other than by conidia during 
the summer and by survival of ascospores within cleistocarps over the winter. 
Though the conidia are a ready means for summer dissemination of mildew, they 
are ill-adapted for survival from one season to the next, owing to their inability to 
withstand extremes of temperature ; but it is reported that in mild climates they 
are capable of surviving over long periods The fungus is apparently able to 
survive on winter wheat, in the form of dense, brown mycelial wefts on the lower 
leaves, these being capable of producing conidia in the spring, first on adjoining 
leaves of the same plant, and then spreading to others by wind-borne conidia. 
While it is true that cleistocarps may over-winter on stubble or debris from a 
previous crop, they do not appear to bring about widespread infection of cither 
summer or winter wheat, but are responsible, perhaps, for setting up a few foci of 
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infection from which sufficient conidia arise to cause widespread secondary infec- 
tions. If summer wheat is grown in the vicinity of a winter crop it becomes in- 
fected, in the same way, by wind-borne conidia from the latter, and the possibility 
of infection of summer wheat from cleistocarps, when winter wheat is in the vicinity, 
may thus be ruled out. In a locality where both crops of wheat are cultivated the 
sequence of infections appears to start from infection of winter wheat in the late 
autumn by ascospores from cleistocarps maturing from August to October. This 
is followed by the production of the resistant mycelial mats whereby the fungus 
over-winters on the winter wheat, on which it revives again to break out afresh 
in spring with production of conidia for spreading the mildew to the same crop 
and also to the summer wheat. On both winter and summer wheats cleistocarps 
are developed, first, on the winter, and later, on the summer wheat, and provide 
for the infection of winter wheat in the late autumn 

It is well known that powdery mildews, in general, appear to be worse during 
dry seasons, and although a certain amount of moisture is necessary to establish 
infection, the parasites are capable of adaptation to conditions of moderate drought. 
But E, graminis is reported to be exceptional in this sense, thriving at various 
degrees of atmospheric humidity with little change ^^5), Young barley plants yield 
to infection without the presence of liquid water on their leaves. Oats, how- 
ever, demand very high humid conditions Moreover, partly perhaps 

through interference with the stomatal functions, and partly due to increased 
evaporation through the mycelial wefts present on the leaves, infected barley 
plants, it is recorded, transpired 67 per cent, more water per unit area than 
healthy plants Epidemics of mildew are reported not to occur if the host 

cells are in a state of high turgidity, and a reduction of osmotic pressure, as, for 
instance, by suspending watering or taking the plants from shade to light, is 
followed by infection ^2, 42) Moreover, the fact that infection with powdery 
mildew is so closely bound up with the living host during active metabolism 
seems to indicate that the conditions which favour the vital processes of the host 
(wheat) also increase its susceptibility to the disease ; thus a surplus of carbo- 
hydrate in the host leaf, considerably in excess of the normal requirements of the 
host, is necessary for the development of the mildew The rate of respiration in 

wheat was reported to be twice as high as normal, two days following infection by 
mildew, and the rate of increase was roughly proportional to the degree of infection, 
the consumption of oxygen being 650 per cent, greater than the normal intake \ 
Light appears to be essential to the development of mildew under normal 
conditions. Inoculated seedlings of winter wheat (Leap’s Prolific) did not develop 
conidia when kept in the dark Reports on the effect of ultra-violet light on the 
fungus and infected host are conflicting ; the fungus attacking barley appeared to 
be remarkably resistant to these rays ; on the other hand, the fungus attacking 
seedlings of Little Joss wheat was killed or rendered dormant, the fungus being 
suppressed only on the side of the host exposed to irradiation 

Mildew of cereals is undoubtedly increased by over-manuring of the crops, 
due probably to unbalanced application of nitrogenous and deficiency of potassic 
compounds ; it is reduced by phosphoric acid, which also helps the host Jn 
Bavaria high resistance to mildew of barley was thought to be correlated with a 
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low albumen content and abundant reserves of starch Experiments have 

shown that the susceptibility of wheat seedlings to mildew is influenced to a high 
degree by the composition of the mineral solutions applied to the soil Winter 
rye and summer barley showed increased resistance to attack when silicon dioxide 
was supplied, due, it is thought, to the increased silicification of the cell membranes 
of the epidermis inhibiting penetration by germ-tubes ; cadmium nitrate 
manganese and salts of lithium are reported to produce similar results 
when supplied to wheat seedlings in a nutrient solution ; barley in a culture solu- 
tion containing traces of copper also remained free from mildew While these 
minerals, in all cases, may not always assist the host to defy penetration by the 
fungus, in some cases, by increasing the thickness of the cuticle or otherwise 
affecting the epidermis, infection is checked by the failure of the fungus to establish 
the all-essential absorptive haustoria, and even if the fungus succeeds in establishing 
haustoria, the latter are early encapsuled and killed. 

The true nature of the resistant principle residing in the host is difficult to 
determine. Resistance to E. graminis appears to be purely relative, penetration 
taking place even on ‘ resistant ’ hosts, on which, however, infection is early 
checked. It is suggested that a substance toxic to the fungus is formed in the 
resistant host following penetration, but, again, there is ample evidence that factors 
of the environment and structural features of the host may also play their parts 
in favouring or checking the mildew It is clear that resistance to E, graminis 
must be studied also in relation to the various physiologic races of this organism 
on wheat, and especially on barley in view of the numerous races on that host. 
There are striking differences not only in the type but in the stability of reaction 
to infection exhibited by these hosts, some showing more' or less uniformity of 
resistance, while others show considerable fluctuation 7 , na, is, 25, 37)^ 

Little can be done to control mildew of cereal crops in the field. On a small 
scale, mildew was checked on young plants treated with sulphur dust, or i per 
cent, liver of sulphur. In California mildew was absent on summer barley supplied 
with boron, but prevalent on winter wheat similarly treated Heavy manurial 
treatment, especially nitrogenous, should be avoided, and phosphatic compounds 
applied. Considerable control can, no doubt, be obtained by ascertaining the 
needs of particular soils for culture of cereals, and a balanced fertilising schedule 
should be observed. Already there are good results to be expected from selection 
and hybridisation of wheats and barleys that may yield new types resistant to 
mildew 34, 34 a 
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Take-all and Whiteheads of Wheat, Ophiobolus graminis (Sacc.) Sacc. 

This disease affects most cultivated cereals (wheat, barley, oats, maize, rye, rice) 
besides many wild and cultivated grasses, about a hundred species of which have 
proved susceptible on artificial inoculation 34 . 71). Wheat suffers the greatest 
damage, followed in Britain by barley ; heavy attacks may occur when an infected 
crop of either of these two cereals precedes the other in the rotation. Rye 
and oats are less injured, oats being apparently immune in some areas ^ 3 , 66 )^ 
presumably because they are not exposed to attack by the oat variety of the 
fungal parasite causing this disease. This varietal form of the fungus on oats has, 
however, been discovered in several counties in Scotland on wheat, and the two 
forms of the fungus may be present in the same wheat crop Wheat is probably 
affected in most of the wheat-growing countries throughout the world, and the 
first descriptions of the disease in England under the name ‘ straw blight 

in the United States ^s) and in Australia as ‘ take-all do not imply 

that it was not present in these countries at a much earlier date. 

The host plant may be attacked at any stage of growth. Infected seedlings 
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and young plants may be destroyed (‘ take-all ’) (Fig. 194 b), though more usually 
they persist and may form ears, or they may be killed while ears are developing 
or after heading out. The more severe infections often occur when the plants are 
in the seedling stage or about 6 to 8 inches high In heavily infected land 

the disease occurs in patches but it is also found on individual plants scattered 
throughout the crop. Usually the plants that survive attack are stunted and have 
few tillers Those that are killed or seriously injured when nearing ripe- 

ness are usually bleached, the blanched and often empty ears being then a promi- 
nent symptom (‘ whiteheads ’), especially in dry, hot weather. In cool, moist 
conditions the bleaching is less marked and the attack may be checked, even enough 
to allow the formation of grain ; sometimes, indeed, the upper parts show no 



Fig. 194, — Ophiobolus gramims, whear seedlings incubated but not infected, i?, infected wheat 

seedlings (photos by Garrett, copyright of Rothamsted Exp. Station, Ann, App, Biol.), C, 
a Btromatic ‘ mat ’ or ‘ scale ’ of the fungus, separated from the surface of a leaf sheath of 
oat, from the stubble. D, E, sections of root, showing in D, at w, a mycelial mat and, in both, 
the formation of * lignitubers * on the inner walls of the host cells (photos by Robemon) 
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obvious signs of injury though the roots may be infected and liable to carry the 
disease to a succeeding crop Later on, blackening and shrivelling of the bleached 

leaves and heads may be caused by saprophytic mould fungi, especially in wet 
weather. In all forms of attack the roots and often also the base of the stem 
(crown) are browned or blackened by the growth of the parasite, which is restricted 
to these parts. Affected plants break off easily at the crown when pulled, but 
lodging is not increased by the disease. 

This disease is caused by a soil-inhabiting parasitic fungus Ophiobolus graminis, 
a member of the Pyrenomycetes ^3, 58. 59)^ Jt is essentially a disease of the roots 
which, in typical cases, are spongy and closely invested by the brown mycelium of 
the parasite. The mycelial investment gets denser and darker towards the base 
of the roots and also around the lower part of the stem, where a firm, black inter- 
woven mycelial mat or a series of mycelial scales may be seen on removing the 
sheaths of the lowermost leaves (Fig. 194 c). On the surface of the roots the 
investing mycelium consists of long and fairly stout brown runner-hyphae (Figs. 
1 13, 195 d), sometimes termed macrohyphae, and finer, colourless infection hyphae, 
or microhyphae ; if the latter fail to penetrate the root, they turn brown and 
thicken their walls with age. The infection hyphae may enter the tissues through the 
epidermal layer of the roots, both primary and seminal, through the epiblast, the 
coleoptile and sub-coronal internode si, 52)^ ^nd iitNvery young seedlings 

may penetrate as far as the scutellar epithelium (Fig. 114) and sometimes through 
the leaf-sheaths and culms of young plants, below the surface of the soil, and 
root formation is hindered ^7, 10, 56)^ 

Penetration may or may not be preceded by the formation of ‘ pegs ' (Figs. 124, 
125, 194 D, e) (the so-called lignitubers) developed by the host cell on the inner 
side of the tertiary layer in the wall of the cell entered ; later, each infection 
hypha bores a passage through the peg, becoming constricted to about one-fifth 
of its external diameter in so doing 56) ^he root cortex is rapidly colonised, 
especially in its outer part where the hyphae tend to run parallel to the root axis ; 
deeper in, they are finer and for a time, at least, are checked at the endodermis, 
though the stele is penetrated later. Even in the deeper layers the first invasion 
of mature cells is often accompanied by the formation of pegs. In heavy infections 
all the tissues except the lignified xylem may be disintegrated 

The tissues of the crown may be reached from the epiblast, the seminal roots 
or the sub-coronal internode. Their invasion is more serious than that of the 
roots, as it must affect the whole subsequent growth, whereas killed roots can 
be replaced. In young stems the parenchyma and even the vessels are rapidly 
penetrated, but older ones resist attack and react by thickening their walls and 
forming a dark gummy deposit in cells and vessels ^9, 12, 13, 52) 

Spores are usually not produced during the actively parasitic life of Ophiobolus 
gramims. The perithecia, the only reproductive organs so far known, often begin as the 
host matures, and in wet weather may ripen before harvest. Ordinarily, however, their 
development is completed on the stubble. In the field they form almost exclusively in 
the lowermost leaf sheaths (Fig. 196), but they have been produced experimentally on the 
roots and stem. They do not seem to occur usually in the mycelial mats around the base 
of the stem, and are not united in stromata. The perithecia are black, pear-shaped, 
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Fig 19s — Ophtoholus granttms A, roots of healthy oat two oat plants with infected roots 
C, oat stem showing dark mycelial mats Z), * runner hyphae * on the root E, basal part of oat 
stem, showing leaf sheath pulled aside, with necks of numerous small perithecia breaking 
through the surface of leaf sheath (A, B, C, E, photos by Foister & Noble , D, by Dillon 
Weston) 

immersed, ostiolate, the protruding neck being somewhat curved (Figs 38, 196 b). They 
vary from 330 to 500 ^ m diameter m the broad part, and contain numerous club-shaped 
asci, 90 to 1 15 /X long, by 10 to 13 ju, wide. Towards maturity the ascus wall deliquesces 
except for an apical cap which persists when the eight ascospores are extruded in a bundle 
held together by the mtersporal matrix The ascospores are long, filiform, coiled 
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lengthwise, and are furnished with 2 to 8 delicate 
septa ; they measure from 60 to 90 /x long, by 
3 to 5 /X wide. Each cell in the spore and 
mycelium has a single nucleus ^32), and the fungus 
is homothallic ^7, 49, 69) (Pig. L, M, n). On 
germination a germ-tube may arise from one or 
more of the spore cells. Cultures on artificial 
media grow rather slowly but are stimulated by 
the addition of certain growth substances ; 
a feathery, hyaline mycelium is developed, with 
a formation of ribbon-like or rhizomorphic 
strands, turning a deep neutral-grey with age. 

On a carrot dextrose medium numerous isolates 
showed an optimum growth temperature around 
25° C. but varied considerably above and below 
this, from 12° to 30° C. ; no growth occurred 
at 36"^ C. The organism is capable of 

growth over a wide range of pH concentration 
in culture, depending on the physical and 
chemical nature of the medium 

The ascospores are extruded in a viscid 
mass from the perithecium and may be re- 
tained above the ostiole (Fig. 196 c), but 
when a long dry period has been succeeded 
by rain they may be ejected into the air 
at the rate of hundreds per minute 
It is not clear what part they play in initiat- 
ing infection but empty perithecia are 
plentiful on stubble in the autumn and later. 

Under wet conditions the ascospores appear 
to be extruded into the soil in masses and 
under suitable conditions in the soil it is not unlikely that they germinate, thus con- 
tributing to the supply of a resting mycelium in the soil. All the evidence indicates 
that infection comes mainly from the soil and is much the most prevalent where 
the stubble from a previously infected crop has been ploughed in ; in western 
Canada the fungus remained viable in the soil and infected a new wheat crop after 
two years The full investigations carried out in England by Garrett indicate 
that resting mycelium is perhaps the chief source of the disease (16-26) Ascospore 
infection may be responsible for isolated attacks, but is apparently difficult to bring 
about under ordinary field conditions. This may be due to biological antagonism to 
which O, graminis is susceptible, especially when nitrogen is in short supply, or to 
absence of some necessary growth substance It is possible that the matrix 

of the spore bundles contains such a substance and that the dried spore masses in 
the soil may be more effective than single spores in causing infection. Spread 
through the soil or from plant to plant within a crop does not occur unless diseased 
roots touch healthy ones 





Fig 196 . — Ophiobolus gramims on oats. 
Ay three perithecia lying in a leaf 
sheath of oat (from stubble). By 
section of a ripe perithecium, the neck 
breaking through leaf sheath, just 
before spore discharge. C, the same, 
the ascospores being extruded at the 
ostiole in a viscid mass into the soil 
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The soil conditions affecting this disease are of great importance but complex 
in their interaction. The fungus persists longer in light and alkaline soils than in 
heavy acid ones ^8, 43)^ In heavy soil the retarding factor is believed to be the 
accumulatipn of carbon dioxide around the infected roots ; alkaline soils act 
as carbon dioxide acceptors and increase its accumulation in the root zone 
This accumulation is not thought, by some, to account for the check to the runner 
hyphae in compacted soils in which enhanced activity of soil micro-organisms is 
considered to be due to toxic substances produced by other soil organisms which 
prevent its persistence as a saprophyte in the soil The decline in viability 

of the resting mycelium in field soils is well established, and a similar result 
in sterilised soil has been got where various common soil fungi, Trichoderma^ 
Fusarium^ Penicillium, Aspergillus^ etc., have been inoculated into it. As some- 
what similar results were produced by the filtered culture media in which these 
fungi had grown, a toxic action rather than food competition would seem best to 
account for the antibiotic action in this case 

The actively parasitic phase of the life of O. graminis is favoured by abundant 
aeration, a rather low soil-moisture of 35 to 40 per cent, of saturation ^^6) and a 
relatively low temperature Winter cereals in Great Britain, however, are 
most injured during mild winters followed by a wet spring while in America 
pot-culture experiments showed that wheat was most injured at 12° to 16° C. and 
70 to 80 per cent, moisture Strain and isolate differences account in part for 
these variable reactions ss, 57)^ but the influence of soil conditions on the anti- 
biotic action of the soil microflora must also be taken into account. After the 
parasitic life of O. graminis is over, disappearance of the resting mycelium in plant 
residues in the soil is most rapid where conditions favour the soil microflora 
as at relatively high temperatures and moistures, and in compact soils. 

Fertiliser experiments indicate that, as in so many other diseases, infection of 
the stem base is least when a full balance of nutrients is supplied and is also re- 
duced by a shortage of nitrogen Experiments have amply shown 

that the survival of the fungus in root and stubble is closely related to an adequate 
supply of nitrogen in the soil. Root infection was most intense in pot cultures 
deprived of potash, and stem-base infection when the three main elements were 
deficient Field observations confirm the increased susceptibility of 

cereals in soils of low fertility. Neutral or acid fertilisers are recommended in 
preference to those that give an alkaline reaction where the disease is feared. 

No fully resistant variety of wheat or barley is known, though the red wheats 
are reported to be in general more resistant than the white. Control must therefore 
be directed largely to eliminating the sources of infection and delaying the growth 
of the runner hyphae. A proper rotation is of major importance, and in the light 
soils in which O. graminis causes most injury in England the succession of wheat 
and barley should be avoided. Temporary leys in the rotation may also be 
dangerous if they contain much rye grass, or other susceptible species such as 
couch, Yorkshire fog, and bent. Two grasses have, however, been found highly 
resistant to attack, namely, Timothy {Phleum pratense) and Tall-oat {Arrhenatherum 
avenaceum)y and these, with clover, should hinder the carry-over of infection 
from a preceding barley to a following wheat crop It is best, however, to 
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follow susceptible cereals with root-crops, mustard, flax, or the like ; in many 
areas oats can be safely interposed as it has been found that the strain of O. graminis 
on oats has a restricted distribution 70 a) j Jn other areas, however, as above men- 
tioned for parts of Scotland some of the disease on a wheat crop may be due 
to this so-called oat variety of the parasite, but apparently barley is not attacked 
by this variant form. 

After harvesting a diseased crop the stubble should be ploughed in as soon as 
possible to prevent ascospore discharge (but to what extent this may be effective 
or prevent the spores from producing some other form of the fungus, is not 
known) and reduce the chance of persistence of the mycelium in the soil until the 
next crop. Soil management should be directed to securing a firm seed bed. In 
Australia a considerable measure of control is effected by consolidating light soils, 
which are also ploughed to a depth of a few inches so that the seedling roots soon 
reach firm soil. Similar measures have been advocated in Germany 72), 

The ploughing in of green manures has also been recommended as an aid to the 
destruction of the resting stage by promoting the activity of competitive and 
antagonistic soil micro-organisms 27, 31). 
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Eyespot of Wheat and Barley, Cercosporella herpotrichoides Fron 

By causing a decay of the tissues at the base of the culms of wheat and barley, 
this disease brings about a collapse or lodging of the stems. It is accountable for 
serious losses due to death or dwarfing of tillers, or whole plants infected early in 
the season may be killed ; white or ‘ deaf ' ears may be produced or there may be 
a reduction in the size and number of grains Lodging may be fairly general 

throughout the crop, but very often only individual plants may be seen to have 
collapsed here and there in the field, resulting in a condition known to farmers as 
‘ straggling ’ or ‘ scrawling the straws falling in all directions 

The trouble occurs mostly on winter wheat and barley, and both may escape 
serious infection when sown in the spring The disease has evidently been 
present for very many years, and has been investigated by Glynne in England, where 
it was first discovered in 1935 on wheat at Rothamsted In France 

and America the trouble has been known for some years, and is widely distri- 
buted throughout Europe It has recently been reported in New Zealand ^^3), 
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In Britain it is most prevalent in the 
eastern and southern parts of England 
where wheat and barley are grown most 
frequently on the same land 

Symptoms of ‘ eyespot ' in the field 
appear in early spring, as elliptical, 
dark-bordered lesions on the coleoptile 
near soil level, and then on the leaf 
sheaths, and sometimes on the leaves 
themselves. The fungus penetrates 
the leaf sheaths, and tillers and whole 
plants may be dwarfed or killed, so 
that thin crops result Small black 
patches of mycelium appear at the 
centre of the lesions and a very striking 
‘ eyespot ’ effect is thus produced on 
the stems (Fig. 197). The spots occur 
near soil-level and spores are produced 
in abundance on these primary infec- 
tions in the field m early spring, but 
apparently cease to be formed after 
about mid-Apnl. They serve to bring 
about widespread secondary infections 
of neighbouring plants. In an ad- 
vanced stage of the disease, owing to 

decay at the stem base, affected straws Fig 197 -Eyespot of wheat ^Cercospordh 

herpotrichoides) Lesions at the base ot 
are easily broken, the stems may become shoot (photo by Cilynne, copyright of Roth- 

twisted, and are liable to bend or break amsted Exp Station) Inset, sharp eye- 

in the middle of the eyespot, under any & NoSr""”'" 
strain This disease should not be 

confused with ‘ sharp eyespot ’ (Fig. 197, inset) of wheat believed to be caused 
by Corticium {Rhizocionia) solani. Lesions of sharp eyespot may run up the stem 
for several inches ; their well-defined margins surround pallid areas on which 
the brown or purple mycelium grows. Sharp eyespot is not common in England 
and Wales ; it occurs in Holland Canada, and Oregon 

This disease is caused by Cercosporella herpotrichoides (Hyphomycetes). The conidia 
are borne singly, or in groups of two to several, on simple or slightly branched conidio- 
phores which are swollen at the base. The spores are acicular, curved at the apex, 
hyaline, obclavate, multiseptate (usually 5- to 7-celled) ; different authors give the 
dimensions as ranging from 10 to 105 yu (mean, 50 to 70 /i) by 2 to 3 /x wide at the base, 
and I to 1*5 ft wide at the apex ; or, from 30 to 80 /x (mean, 40 to 60 jtx) by 1*5 to 
3*5 iM wide On biomalt agar the mycelium is, at first, bluish-grey to mouse-coloured, 
and later turns olive ; the hyphae are septate, and average 2 ^ in width ; spores have been 
obtained in pure culture both on coremium-like structures and on sporodochia, and 
in pseudopionnotes. On potato dextrose agar mounds of grey, pale-edged, velvety 
mycelium are formed, and finally the growth gets dark on the under side <4). 
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In some localities the fungus is believed to survive the winter, to some extent, 
in the soil It is known to survive on bits of stubble left on the surface of the 
soil after ploughing, on which it spores freely from autumn to spring, so that 
infected stubble serves as a source of infection to the new crop The fungus 
attacks the host just above soil-level, penetrating one leaf sheath after another, 
and entering the stem to occupy the vascular bundles and central cavity in which 
it collects as a dense mass of grey mycelium. There appears to be some degree of 
correlation between the extent of lodging of the culms (Fig. 198) and the thickness 
of the ring of sclerenchyma in the affected stems, the more resistant wheats 
having a wider belt of this strengthening tissue than the less resistant wheats 

Eyespot is favoured by moist conditions and is aggravated by wet weather 
during the growing season. It is liable to appear on rich and heavy land, and its 
spread is facilitated by the luscious growth encouraged by nitrogenous fertilisers ^5 
which, however, help the plants to develop new tillers, and so reduce the loss 
caused by the disease Unlike the * take-all * disease of wheat and oats (OphtO'- 
bolus graminis) and other ‘ foot rots ' {Fusarium culmorum, F. avenaceuniy etc.), 
this disease does not appreciably attack the roots, and may be distinguished from 
‘ take-all ’ by the fact that it does not form dark brown mats of mycelium between 
leaf sheath and stem (see Fig. 194 c). While C, herpotrichoides is not so virulent a 
parasite as O. gramtnis^ it is reported in some parts of the Continent to be more 
damaging to the crops in that it attacks wheat early in the autumn, continuing 
during mild and wet winters, and is, moreover, favoured by having a rapid method 
of spreading through the production of abundant conidia ^3). 

To check this disease, long rotations are advised before returning to wheat or 



Pig. 198. — ^Eyespot of wheat {Cercospordia herpotrichoides). Plot showing general lodging 
(photo by Glynne, copyright of Rothamsted Exp. Station) 
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barley, but little is yet known as to the longevity of the fungus in the soil or else- 
where. With improved methods of cultivation, thin sowing and wide spacing of 
the rows, and good drainage, late or spring sowings of the crops may escape in- 
fection 5 ), Unfortunately, a wide range of wheats is susceptible to this disease 2, 3 

and the apparent resistance exhibited by some varieties seems to be due to ‘ escape * 
by virtue of lateness in ripening, but the use of short-strawed varieties, which resist 
lodging even though infected, reduces losses from eyespot trouble It has been 
established that various species of Aegilops and Triiicum showed great differences 
in their reaction to infection by this fungus, some being markedly resistant, and 
hope is expressed that resistant types may eventually be developed from hybrids 
between wheat and certain types of related wild grasses 
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Black Mould of Wheat, Cladosporium herbarum (Link) Fr. 

Cladosporium herbarum is a very common fungus on dead or dying plant tissues ; 
it has also been found to develop on meat in cold storage Indeed, its spores are 
present so frequently in the air that it may be expected to appear on almost every 
bundle of plant specimens collected and kept without drying for a few days. 

Though possessing numerous strains, this fungus is at all times a weak parasite, 
and its frequent occurrence during a wet season on the sub-aerial parts of wheat 
and other cereals, causing a black discoloration, follows invariably upon an un- 
healthy condition due to some other cause, insect or fungal. Wheat crops suffering 
from take-all {Ophiobolus graminis) or mildew {Erysiphe graminis)^ for instance, are 
very prone to develop black mould, but this affection by itself is never the cause 
of ‘ thinning out or premature ripening, or ‘ deaf ears ’ of the host plants 
The main importance is that it reduces the milling quality of the grain. 

Black mould establishes itself readily on ^he moist outer coats of ripe grain, 
but not usually on young growing grain while in the ears. Except when previously 
attacked by parasitic fungi or insects, or when the grain has ripened under very 
adverse conditions, the embryo itself is not affected by this fungus, and even badly 
affected grains are not prevented from germinating. Such * mouldy ’ grain, 
however, is obviously in a weakened condition and would hardly be selected for 
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Fig. 199. — Black mould of wheat {Cladosporium 
herbarum). Ay the fungus, from an olive- 
green mass on wheat leaf, i?, a culture from 
beerwort gelatine (7 days). C, germination 
in tapwater. Z), in distilled water, at 16 to 
20® C. Ey germination in 2 per cent, 
dextrose solution, at 16® C., showing budded 
conidia (the ‘ hormodendron ' stage). F, 
germination from a conidium in 2 per 
cent, saccharose solution at 10® C. (after 
Bennett, Ann. App. Biol.) 

which force their way down between the c( 


seed, for its weak seedlings are open to 
attack even by such a feeble parasite as 
C. herbarum The affection occurs 
mainly on the ears of cereals in moist 
localities or where the crop is growing 
under too humid conditions. It occurs 
less often on leaves and stems of wheat 
and other plants under similar condi- 
tions. Affected ears are covered with a 
greenish-black mouldy growth which is 
especially pronounced on lodged plants 
(Fig. 198). During a spell of dry weather 
the superficial growth of fungus may be 
almost absent, the surface of the outer 
glumes being smooth and dark brown 
in colour. In other cases the fungus 
often collects in the anthers and stigmas, 
and the pollen may be much reduced. 
In dry, harvested grain the organism is 
found as pieces of mycelium, and spores 
may also be seen frequently amongst 
the stigmatic hairs, and knots of hyphae 
or microsclerotia often occur embedded 
in the pericarp \ Some strains of the 
fungus such as those found on meat in 
cold storage are capable of enduring as 
low a temperature as -6° C., but pro- 
longed freezing destroys the organism ). 

The greenish-black mycelium produces 
a velvety appearance on the surface of the 
ear, and within the tissues it tends to form 
layers of short-celled fungus parenchyma 
s of the host. At and near the surface the 


hyphae are greenish-brown ; and, deeper in, hyaline. Conidia are produced in tufts on 


erect conidiophores which usually spring from small stromata developed just below 
the epidermis. Similar conidiophores can also arise from any part of the external 


mycelium and, in addition, the hyphae themselves tend to break up, when old, into 
spore-like portions, the segments thus set free being capable of germinating. Typical 
conidiophores are greenish brown, lighter in colour at the top, septate, and one or more 
times bent or kneed, each bend being capable of bearing conidia. The latter are formed 


in branched chains terminally and laterally on the conidiophores ; the end spore of a 
chain is the youngest. The basal conidia in the chains are i- to 3-septate, most frequently 
I -septate, while the terminal or distal ones are usually continuous. The shape varies from 
cylindrical to oval, or almost round ; the colour from brown for the older conidia to nearly 
hyaline for the younger spores. Each conidium has a characteristic, thickened refractive 


cushion at the ends marking the articulations with the next spores of the chain. The 
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conidia are highly variable in dimensions according to the strains of the organism, and 
range from 5 to 15 by 4 to 10 /x, but in the forms found on storage meat the small round 
conidia were about 4 /x in diameter while the larger, cylindrical ones measured up to 25 

by 4 to 5 /X ^3) (Fig. 199). 

A second type of spore, the so-called ‘ hormodendron ’ stage, is often associated 
with the normal form (Fig. 199 e). In this, the conidial chains are chiefly produced 
at the ends of a brush-like tuft of filaments formed at the tip of a conidiophorc ; 
these conidia are usually non-septate and almost hyaline. But all kinds of transi- 
tional stages between the two forms of spores occur, and one gives rise to the other 
readily in culture. C. herbarum possesses numerous strains which vary in 

many features such as in the length and extent of branching of the conidiophores, 
the density of the sporing chains, in temperature relations, and in reaction to 
light The fungus has no perfect ascigerous stage as was once accredited to 
it and so far remains in the Hyphomycetes (Fungi Imperfecti). 

1. Bennett, F. T. : 1928. Ann. App. Biol, xv, 19 1. 

2. Bockmann, H. : 1933. Angew. Bot. xv, 308. 

3. Brooks, F. T., and Hansford, C. G. : 1923. Trans. Brit. Myc. Soc. viii, 113. 

4. janezewski, E. von : 1893. Bull. Acad. Sci. de Cracovie, 271. 


Brown Foot Rot and Ear Blight of Wheat, Fusarium avenaceum (Fr.) Sacc. 
and F. culmorum (W. C. Sm.) Sacc. 

Foot rot is only one phase in the history of this disease, which affects not only 
the basal part (‘ foot ') of the stem but the seedlings and the ‘ heads ' of fully 
grown plants as well. In most areas wheat and rye suflFer more from this trouble 
than oats and barley, losses in wheat being sometimes as much as 50 to 70 per cent, 
of the crop ; a number of grasses which include brome and couch-grass are also 
attacked. 

This disease is common in Britain and throughout Europe In 

Canada it is widespread, and occurs in the United States chiefly in the Northern, 
Pacific, and Central States In Australia and New Zealand this foot rot 
is considered to be one of the most destructive of all cereal diseases. 

In Britain this disease is caused by two species of Fusarium, viz. F. culmorum 
and F. avenaceum Another species of Fusarium, F. graminearum, which, 

however, unlike these two, possesses a perfect stage, namely Gibber ella zeae, also 
causes a foot rot, seedling, and head blight of w^heat, but is not common in Britain ; 
it is described in the next section. In Canada hs) it is recorded that the specific 
identity of all the different Fusariums capable of causing foot rot of wheat is not 
known but that the greatest damage is caused by the F, culmorum type. The 
difficulty of tracing the disease to one or more specific organisms is due to the fact 
that the fungi concerned are capable, in the absence of a congenial host, of living 
indefinitely in the soil as saprophytes which, however, may resume parasitic activity 
at any time if a susceptible plant is available to them. Accordingly, the disease is 
attributed by some to one dominant species of Fusarium, other species of Fusarium 
being more or less suppressed ; in Britain, foot rot is caused mainly by the two 
species of Fusariim above mentioned. F, nivale is also often implicated (p, 479). 
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There are two sources from which primary infections may attack the host : 
firstly, from the presence of the fungus already within or on the grain ; and secondly, 
from the planting of clean seed in soil already contaminated with the organisms. 
From either source, when the seed is sown, the fungus (or fungi) attacks the 
seedlings in the same way, and as the symptoms of the disease are not greatly 
different when caused by one or other or by both of the two Fusariums together, 
no distinctions are drawn here between any effects that the organisms singly, or 
together, may cause. Bennett describes the symptoms at six stages in the 
development of the host : 

(a) Pre-emergence Blight: The seed is so heavily impregnated with fungus that the 
young seedling is killed before its shoot appears above ground. This stage is 
responsible for considerable ‘ misses * in bare wet patches of ground. 

(b) Seedling Blight : The seedling has succeeded in pushing out its first leaf, but brown 
lesions are seen on both the coleoptile and the coleorhiza ; the seedling may 
survive if the leaf is not bleached or browned, after emergence, otherwise death 
ensues. From dead seedlings or diseased parts at soil level, the fungus may grow 
over the soil in small patches to form a whitish ‘ snow mould ’ which infects neigh- 
bouring seedlings and may extend its area if a suitable substrate of organic matter 
is present on the soil. This fungal growth around the base of seedlings sporulates 
freely in autumn and spring, and spores are disseminated by wind or splashing 
rain to neighbouring seedlings (F. nivale is the main cause of snow mould). 

(c) Spring Yellows : If young leaves of older seedlings become a paler green than 
normal, turn yellow at the tips, and finally show a blighting effect, young plants 
usually perish in great numbers during wet weather. Should, however, a dry 
period with continuous sunshine intervene, a high proportion of seedlings at this 
stage may, by developing new roots, grow forward into useful though weakened 
plants. 

{d) Foot Rot: This is the most destructive stage of all, for it involves the internal 
tissues of the ‘ crown and sets in at a critical time when the plants are approaching 
maturity. Following the entry of the fungus from the crown into the basal part of 
the stems and into the roots, the vascular system fails to function properly and 
wilting results in the death of the plant. When pulled up, the culm breaks off 
easily from the roots, which remain as a sticky brown mass with much adherent soil 
and fungus mycelium. The brown discoloration at the broken end of the culm does 
not extend much above the basal node, and while there may be a certain amount 
of crimson or yellowish-white mycelium at the rotted end, there is never in this 
type of foot rot any dense matting of brown mycelium to form scales similar to 
those which are characteristic of the ‘ take-all ’ {Ophiobolns graminis) disease of 
cereals (p. 377). 

The foot-rot phase of the disease may be considered as following in sequence 
from early attacks on seedlings as above outlined, the plants being enabled to 
survive until this stage, or it may start as an entirely new infection from mycelium 
or conidia, penetrating the host tissues from outside at soil-level, for these two 
species of Fttsarium are capable of attacking the host at all stages of its development. 

{e) * Deaf-Ear * Stage : This follows quickly on, and is practically coincident with, the 
previous stage, and if foot-rotted plants succeed in pushing out any of the ear at all, 
the latter is found to be empty of grain. This barren condition of the ears is not 
due to fungal occupation of these parts but to starvation consequent upon inter- 



CEREALS 


CH. X 


391 


ference with the translocation of food substances from the infected crown below 
and to the low vitality of the tissues in general. 

(/) Blighting of the ‘ Head\' This stage is due entirely to secondary infections from 
conidia conveyed (by wind and splashing rain, and swaying of plants against each 
other) from plants already affected during the foregoing stages. It is as serious a 
phase of the disease as foot rot and more difficult to control. In wet weather 
infection by conidia from plant to plant spreads quickly and a whole crop may be 
ruined in a few days. Not only ears are attacked but conidia settle down also on 
the succulent nodes below the ears ; these nodal infections hardly ever spread 
over the adjacent internodes above or below, and the foliage leaves remain un- 
blemished. On the infected nodes a sticky mass of conidia (‘ mucous mould ’) 
develops, and this mould may also appear on a part or the whole of the head as a 
viscid mass of a deep crimson colour, in striking contrast against the bleached or 
yellow parts of any spikelets of the head that escape infection. 


In its attack on wheat F, avenaceum is less virulent than F. culmorum^ doing less 
damage at the early seedling stage, but in wet soil the general effects on established 
plants are much the same for the two species. Outside Britain, F. avenaceum is 
reported to cause only seedling blight and root rot of grown wheat plants. In 
the United States F, culmorum seldom causes blighting of wheat heads, but in 
Holland it appears to be the common cause of head-blight of cereal crops This 
species is also found in association with a stem rot and die-back of pinks and 
carnations and of a rotting of Galtonia bulbs in storage 


The following descriptions of F. avenaceum and F. culmorum (referred to as F.a. and 
F.c.) are based on observations of cultures on potato -dextrose agar, and on cooked wheat 
grains (Figs. 200, 201). 

Mycelium : 

F,a. White, with traces of rose and yellow ; on grain, yellow turning brown. 

Fx. White, with yellow, rose and carmine patches ; on grain, white with yellow and 
light carmine, later brick-red. 

Sporodochia : 

Fm. Rose-buff to vinaceous ; on grain, few, large, up to 6 or 8 mm. in diameter, 
finally apricot orange in colour. 

Fx, Ochraceous-brown or cinnamon-Sudan brown ; on grain, carmine to ox-blood 
red, few, 2 mm. in diameter. 

Pionnotes ; 

Abundant from both, sporulation occurring freely on and within the medium. 
Chlamydospores : 

(a) Pseudo-chlamydospores, i.e. chlamydospores arising from converted cells of the 
conidia, ^with thick walls. 

F,a, From 5*0 to 7*5 p in diameter, 

Fx. Usually the 3 middle cells, up to 14-5 fi in diameter. 

(^) True chlamydospores, i.e. arising in the mycelium. 

F.a. Terminal, generally in chains, up to ii’6 /x in diameter. According to Atanasoff 
chlamydospores are absent 

Fx. Terminal, 8*7 to i3‘8 /x, and intercalary 8*5 p in diameter, singly, or in chains or 

clusters; 
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Sclerotia : 

Formed by aggregations of segments resembling chlamydospores in dead tissues of 
plant bases. 

F,a, Present. 

Fx. Absent. 

Microconidia : 

Much alike, 3-septate predominant, others o-, i-, or 2-septate. 

F.a. Spindle-shaped, 25-25 by 4-9 fx (average). 

Fx. Spindle or sickle-shaped, 26-0 by 4-3 fi (average). 

Macroconidia : 

F.a. Slender, elliptical, curved, frequently straight for greater part of length, narrow- 
ing gradually at the ends ; wall and septa very thin ; 5 -septate predominant 
(95 per cent.), 43*1 to 65-9 by 3-5 to 3-6 /x, average 57-0 by 3-5. 


r-. 






•Hi 










Fig. 200. — Foot rot and ear blight of wheat 
(Fusarium avenaceum). i, sporodochial ele- 
ments. 2, sporodochial conidia, from oat 
agar. 3, the same from salts-dextrose agar. 
4, macroconidia. 5, microconidia. 6, 
pseudo-chlamydospores. 7, chlamydospores 
and sclerotial bodies (after Bennett, Ann. 
App, Biol.) 


Fig. 201.— -Foot rot and ear blight of wheat 
(Fusarium culmorum). i, sporodochial ele- 
ments. 2, sporodochial conidia. 3, macro- 
conidia, abnormally wide. 4, macroconidia, 
including largest forms. 5, conidia from one- 
year-old culture. 6, microconidia. 7, conidial 
formation on aerial mycelium. 8, chlamydo- 
spores (conidial) from wheat agar (above), 
and germinating (below). 9, mycelial chlamy- 
dospores and sderotial cluster from wheat 
grain ; a, c, are typical macroconidia (after 
Bennett, Am. App, Biol.) 
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Fx. Sickle-shaped, apical cell sometimes constricted near apex ; pedicillate ; thick- 
walled and pronounced septa. Typically 5 -septate (75 per cent.), 30 to 45 by 
5*5 to 7/x. 

Parasitism of F» avenaceutn and F, culmorum is of the unspecialised type 
and both organisms are capable of saprophytic existence on vegetable debris in 
the soil. The latter organism is especially helpful in the breaking up of straw 
residues a function which appears not to impair its parasitic propensities when 
a suitable host is available ; it is a common inhabitant of the compost heap and 
may occur in a viable condition in the soil to a depth of 20 cm. F, culmorum, 
too, has been found in soil in which it did not have any appreciable effect on 
wheat 23), Sporodochia which have over- wintered on wheat debris are known 
to retain vitality for over a year ; so also bits of mycelium and chlamydospores 
after many months’ rest renew growth under favourable conditions. Both of these 
organisms may live for a year or more on straw or grain in storage. Spores, and 
even vegetative mycelium on plant residues of the previous year are not killed by 
the lowest outside temperatures in Britain 

The manner of infection of healthy seedlings inoculated with F, avenacewn 
or F, culmorum has been worked out on oat and wheat Conidia 

placed in contact with the growing o^ seed (equivalent to planting in contaminated 
soil) germinate readily on the surface of the protruding coleorhiza and coleoptile 
These initial infections are apparently successful only when the inoculum consists 
of numerous conidia putting out their germ tubes close together on the surface 
about to be attacked. (Probably, as in smut and rust infections, successful penetra- 
tions can only proceed from a dikaryophytic mycelium established after fusion of 
germ-tubes.) Natural infections in the soil take place after the germ-tubes have 
formed a strand of hyphae, from the under side of which, in contact with the host, 
penetrating hyphae enter the host tissue. The tip of one or more of these hyphae 
impinging, say, on the coleoptile, first forms an appressorium usually over the 
vertical wall of an epidermal cell, a position which apparently facilitates the entry 
of the invading hypha put forth from the flattened appressorium, between the cells 
of the epidermis. After traversing the coleoptile the fungus increases considerably 
in the space between that organ and the plumule, and should the latter become 
thickly covered with mycelium, the young seedling is usually killed before it emerges 
from the soil. In general, the fungus proceeds to infect the growing seedling by 
penetrating chiefly the cortical tissue of the mesocotyl, and this it does in an inter- 
and intracellular manner ; further inward penetration into the stele appears to 
be held up by the endodermis for a long time. In the axis of the seedling the 
fungus accumulates chiefly between cortex and epidermis, especially in the sub- 
stomatal cavities, and here it gives rise to sporodochia which emerge either through 
the stomata or between disrupted epidermal cells. These fructifications develop 
conidia which spread the disease to neighbouring seedlings and set up secondary 
infections. It is at this time, too, that the fungus itself may emerge and cover 
the surface of small areas of soil around the diseased seedling, to form the ‘ snow 
mould * above mentioned. The roots and crown become infected from the 
mesocotyl, the fungus travelling therefrom by way of the intercellular spaces of 
the cortex. It is not usual, however, for the fungus to travel from the crown up 
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into the culms for more than about i, or 2 inches at most. Thus, as already indi- 
cated, collapse or death of the shoots is not due to the fungus keeping pace with 
the growth of the shoots, but to its presence in the tissues at the base interfering 
with plant functions. 

Invasion of the crown can also be effected directly from outside, through the 
natural openings made by adventitious roots when they break through at the surface 
of the crown. Despite all these infections of the crown, however, the seedlings 
may yet recover, provided these adventitious roots can become established, as they 
often do if a dry period intervenes, and with continued growth the balance may 
turn in favour of the host, the fungus being confined to the parts originally infected. 

So far, the fungus has been confined to the tissues outside the endodermis, and 
since the stelar tissues are still functional, an infected plant has good chances of 
recovery. Under very wet conditions of the soil, however, the fungus finally 
penetrates the endodermis to enter the vascular tissues of the stele. With a con- 
siderable amount of the cortical tissues of the crown already rotted, and followed 
now by blocking of the xylem elements with fungus, the disease enters upon its 
most serious phase, that of foot rot, which culminates, as already stated, not only 
in more or less complete destruction of the tissues at the base of the culms but 
in the ‘ bleaching and production of ‘ deaf ears ' at the heading stage. It all 
depends, apparently, upon the rapidity with which the crown becomes infected, 
whether death of the shoots occurs before heading, or is deferred until the plants 
are fully grown ; but with extreme infection of the crown in all its parts, and 
clogging of vascular elements, wilting and collapse completes the foot-rot phase 
of the disease. 

The blighting of the heads of healthy plants and of others which outpaced 
internal infection is, as stated, a secondary stage, being entirely separated from the 
sequence of infections outlined above. If there is abundant provision of conidia 
from primary infections and other sources, conidia may reach the heads in diverse 
ways and, provided wet weather intervenes, infection of the spikelets is easily 
established Furthermore, the infection of the stem node below the ear also 
occurs at the same time as that of the head ; both of these infections are independent 
of each other and of any previous attacks that may have occurred on the plant. On 
spikelet glumes and on the nodes below, small brown spots appear which, as they 
increase in size develop a bleached area and numerous infections occurring to- 
gether, present a mixture of light-brown and bleached patches, changing from 
reddish brown to carmine and bearing eventually a delicate covering of white, 
cottony mycelium. With the return of dry weather, the heads present a more or 
less bleached appearance, and the mycelium disappears except from places where 
it is protected within the pales, and in its place a sporodochial production of conidia 
appears (the mucous mould, above mentioned). The mould is of a coral hue if 
infection has been done with F. culmorum^ and of an apricot tint with F, avena^- 
ceum According to the degree and place of infection, all the spikelets or only 
a few in a head may become infected, but an infection which starts low down in 
the axis or rachis usually results in the death of the healthy spikelets above this 
point, due again to the breaking-olf of food supplies from below, not to actual 
fongal occupation of the spikelets themselves. 
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Spikelets which become infected by the fungus entering them from the rachis 
usually produce grains in which the embryos are shrunken and dead. But infection 
of the grain in the head may sometimes take place by direct infection of a glume 
from outside, the fungus penetrating right through to the surface of the pericarp 
where it causes a diffuse brownish patch on the side of the grain ^3). All the spike- 
lets of a head are usually barren if infection of the head occurs at flowering time ; 
if flowering is over before infection, infected spikelets produce only rudimentary 
grains which, by becoming covered with mycelium and sporodochia, are usually 
found with their enveloping glumes and pales stuck together. It is in this way 
that the grain at germination becomes infected from the presence of the fungus 
lurking within glumes and pales, and in the same way the fungus attacks the host 
at germination when clean grain is planted in contaminated soil. 

We have seen that weather conditions play an important part in the develop- 
ment of this disease. In the soil a high degree of moisture is essential for infection 
and for spread of the disease into the crown and roots. A spell of dry weather will 
usually cut short an attack, especially that of the head-blight phase of the disease. 

Initial infections by either of the two organisms concerned take place at com- 
paratively low temperatures (about lo'^ C.), and since the fungus persists through- 
out the winter it is probable that infection in the field occurs at any minimum 
temperature which allows wheat seedlings to grow. 

There is little information available about the effects of manorial treatment 
relative to this disease ; a high ratio of nitrogen to potassium appears to aggravate 
it and it is reported in the case of F, culmorum that infections with it occurred 
with equal vigour regardless of the concentrations of phosphoric acid applied to 
the soil 

Inefficient drainage, wet, acid, cloddy soils, deep sowing, too liberal applications 
of organic manure, are all favourable to seedling blight and foot rot. But in relation 
to blighting of the heads it is obvious that improved cultural conditions have no 
direct effect. To reduce the incidence of foot rot all infected material from previous 
crops should be ploughed in deeply. As cereals are the best hosts for these fungi, 
long periods of rotation between straw-producing crops are essential in order to 
eliminate soil contamination With winter wheat, while late sowing from mid- 
November to early December may reduce the incidence of infection, tillering and 
ear-weight were found to decline, necessitating the use of larger quantities of seed 
grain So far as spring cereals are concerned, sowing should he done at the 
latest date which will give a full crop. To reduce the amount of primary infec- 
tion seed treatment is strongly advised and good results are reported from the 
application of mercurial compounds in dust or liquid form A fine, firm 

seed bed will do much to reduce infection. 

All varieties of wheat, barley, and oats are susceptible to this disease, but oats 
appear to suffer less than the other cereals 
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Scab of Wheat, Gibberella zeae (Schw.) Fetch 

A disease of wheat causing symptoms closely parallel to those described in the 
foregoing account is caused by Gibberella zeae {G. saubinetii) the conidial stage 
of which is also a species of Fusarium^ viz. F. graminearum. In many countries 
only the latter stage is found. The fungus attacks wheat, oat barley maize, 
rye, rice, grasses, flax, Ipomoea, hop, horse-bean, and other plants 24, 27. 

30, 32 33, 44, 45)^ It was not observed on cereals in Britain until 1928 (though sus- 
pected on wheat in 1921 when it was discovered on imported barley which 
proved to be poisonous to pigs and poultry, and although the toxic properties of 
barley infected with this fungus have been reported from various sources 37, 39)^ 
the deleterious substance is actually a product of the grain formed as a result of 
infection, probably an alkaloid The fungus has no such toxic effect on wheat. 

The disease is much more destructive in the United States and Canada and 
in some European countries than in Britain, where it is, so far, of minor importance, 
though reported from various parts of England and Ireland ^ 7 . 9, 11-17, 19, 20, 40, 41), 
In the United States losses in 1919 to wheat alone was estimated at about 80 
million bushels ^^7)^ and in Eire, in three counties, in 1942, a reduction in yield 
per statute acre amounted to 21-8, 38*4, and 55 per cent, respectively 

Although G. zeae also causes foot rot and seedling blight of cereals like the 
foregoing species of Fusarium it is as an organism causing head blight leading to 
grain disease that it has become prominent in its attack on wheat, especially in the 
United States where it is known as ‘ scab ’ or ‘ scabby wheat ’ disease (Fig. 202). 
In Pennsylvania in 1921 wheat scab was confined to the infection of the head and 
was prevalent in that area mostly where wheat had followed maize in crop rotation, 
the fructifications of G. zeae on the old maize stubble being the source of infection \ 
Since the symptoms of foot rot and seedling blight are much the same here 
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as in the previous type described, only 
the head blight stage is dwelt upon 
here. Although head infection of wheat 
may take place at any time from flower- 
ing up to the maturation of the grain, 
it takes place mostly at or" soon after 
flowering and is most harmful at 
the ‘ soft dough * or ‘ setting * stage \ 

The heads are very resistant to infec- 
tion prior to flowering Affected 

spikelets present a whitish-yellow hue, 
as if prematurely ripened, contrasting 
strongly with the green colour of healthy 
spikelets. The discoloured glumes are 
covered, especially along their edges, 
with a whitish or whitish-pink mycelium 
which also keeps the glumes stuck 
together ; later, all this fungal covering 
turns a red colour, especially towards 
the base of the glumes, and may or 
may not bear spores (conidia). This 
appearance of the shrivelled, scabby 
grain in the ear is, however, not dis- 
tinctive of the action of G. zeacy for 
this effect, as well as the identical 
colour shades, may also be produced by 
F, culmorum and F, avenaceunty so that 
no reliance can be placed upon super- 
ficial examination of affected grains as a 
means of identifying the parasite. Sometimes, grains affected with G. zeae carry 
only a film of mycelium, without conidia, especially when occurring on barley, 
due, according to some, to the fact that the conidia germinate so very quickly 
that only the filmy mycelium is observed 

When present on wheat grain the film forms a reddish incrustation of light-pink or 
crimson conidia, the so-called Fusarium gratninearum stage. On naturally infected wheat 
grains of English cereals, 95 per cent, of the conidia were 5 -septate, measuring from 48 to 
67 by 4*2 to 5*5 /x (average 56 by 4*9 /x), the remainder being 3- to 8-septate (Fig. 203). 
The conidia are similar to those of F, culmorunty but are larger and more slender with a 
more prominent ‘ foot In culture, they arise below the surface of the mycelium and 
while a few small, i- to 3-septate microconidia may occasionally be seen, the characteristic 
macroconidia arise in sporodochia on the medium, or on a thin plectenchyma as tinted 
globules of slimy masses, pale ochraceous to salmon orange in colour ; chlamydospores 
are absent 

The absence of chlamydospores and the production of perithecia distinguish this 
fungus from F. culmorum and F, avenaceum* Perithecia have been observed in nature on 
the first leaf sheath of blighted seedlings, on the culm near the soil line (in which case they 
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probably also persist on the stubble after 
harvest on glumes and scabbed grain 
(Fig. 204), and on the node below the 
spikelets While the production of conidia 
is always profuse on artificial media, that of 
perithecia with ascospores is rare and is in- 
fluenced by various factors. They have been 
obtained by inoculating cooked wheat grams 
embedded in moist, sterile soil, at 16° to 
25° C. ; after 6 weeks these grains bore 
clusters of fertile perithecia. They are 
crowded or scattered, black, and ovoid ; on 
naturally infected wheat grains, under warm 
and moist conditions, they measure from 200 
to 250 by 190 to 210 /i, and are slightly 
beaked at the ostiole ; asci are numerous, 
up to 100, club-shaped, 8-spored, and 
interspersed with a few 3 or 4-ceIled para- 
physes ; ascospores arranged m single series, 
or unevenly biseriate, fusiform, straight, or 
commonly dorsiventral, mostly 3 -septate, 
measure from 20 to 26 by 3-5 to 4*5 fx 
(Fig. 204 c). Sclerotia-hke bodies, probably 
abortive perithecia, are also formed in 
culture Physiologic races of the fungus 

exist 


Fig. 203.-GMerella zeae. i conidia from mycelium can live in the soil for 

dochial conidiophore, under dry conditions. least a year on decaying plant residues, 

3, conidia from sporodochia on oat agar presumably as a saprophyte and is 

4. sameonwheat-seedlmBbase s,con.d.al ^le of Spreading in the Soil from 

agar. 6, conidia from pseudopionnotes, on infected seedlings to healthy ones 

potato agar (after Bennett, Bio/.) Conidia of G. zeae appear to be short- 

lived ^^5)^ and in summer, under field 
conditions, , must germinate quickly or perish, but apparently under storage 
conditions may live for seven months or more, and ascospores survive for at 
least one year or longer Soil that has carried a diseased crop is said to 
contain conidia which may infect directly from the soil, but in Eire, such a soil 
did not retain infectivity to the next season despite the addition of infected debris 
to it Mycelium and spores on scabby heads and infected grain kept out of 
doors during the winter, in Minnesota, retained their vitality in the dark but not 
when exposed to light, so that, protected under debris or straw in the field, it is 
probable that the fungus is capable of living over winter on various substrates 
In places where perithecia are absent or rare, as in Britain, infections of spring-sown 
wheat probably arise from conidia produced in spring on diseased autumn-sown 
crops, or on residues and diseased grain Variant strains and environment 
no doubt account for these discrepant views about the persistence of the 
parasite. 




Fig. 204 . — Gibberella zeae. spikelet showing perithecia ( x 3). B, perithecia on spikelets of 
oat. C, median longitudinal section through perithecium showing general appearance ( x 460). 
D, section of a perithecium squashed to show numerous asci and paraphyses ( x 357) ; insets, 
C, top left, general appearance of the ascospores when removed from ascus ( x 1000) ; top 
right, mature ascospores in ascus ( x 1000). (B, photo by Foister & Noble ; C, Z), by 

McKay, Scu Ptoc. Roy, Dub, Soc.) 
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Infections of wheat by G. zeae follow on the same lines as already described 
for F. culmorum and F. avenaceunty that is, primarily at seed germination from 
infected grain or from contaminated soil, and secondarily at the heading stage, 
but in this case from both conidia and ascospores conveyed by wind, including 
also spread of infection in the field by contact of heads, especially in wind and 
lashing rain. G. zeae does not attack the germinating seedling to any extent 
like F. culmorum and F. avenaceumy and except under extremely wet conditions, 
or in dry or poor soil impeding growth, does this parasite cause any appreciable 
mortality in seedlings. Again, this organism as a foot-rot fungus is not so virulent 
as the two Fusariums ; basal attack does not cause the plant to break and fall 
over, neither is there failure to extrude the ears, nor are deaf ears a common 
feature of scab^disease. Nevertheless it causes a reduction in both size and yield 
of grain, the extent of which is difficult to estimate, as Gibberella and the above- 
named Fusarium species occur so frequently together As already stated, ears 
of wheat are susceptible to infection from flowering-stage to maturity. Caught by 
the extended feathery stigma or ‘ brush ’ of the ovary, the spores germinate to 
penetrate the wall of the ovary in which the developing mycelium becomes intra- 
and intercellular ^8) Early infection of a floret may inhibit the development of 
the embryo, which becomes replaced by mycelium, but if infection comes later, 
small shrivelled grains may result. The hyphae tend to become massed in the 
aleurone layer while in the starchy portion they form slender strands ; the endo- 
sperm is disorganised, the starch grains therein forming a loose mass without, 
however, being attacked. There is not much infection in the pericarp and the 
typical grain discoloration is attributed to the occupation of the aleurone cells 
and modification of their contents Spread of infection from the embryo may 
extend to the outside of the grain, there to form a thin film of mycelium. This 
surface mycelium may give rise to conidia and perithecia. It usually happens that 
grains infected at the germ- or embryo-end are doomed from the start, while 
those infected at any other point, thus leaving the embryo unaffected or only slightly 
so, are still viable but liable to give rise to diseased plants if sown. Although the 
majority of infections take place at the brush end of the ovary, another type of 
attack, arising externally, may sometimes occur in the form of a single spot on an 
outer or a flowering glume whence infection passes through into the grain. Further- 
more, although grains may become infected in these various ways on the plant 
during ripening, considerable spread of disease of wheat heads occurs after 
ripening when the plants are herded together in the stooks, and diseased ears laden 
with conidia thus come into contact with unaffected ears Infection of the glumes 

and the rachis of the spikelets appears to be somewhat restricted and takes place 
subsequent to the infection of the grain. The general view appears to be that 
the fungus does not travel from one spikelet to another via the rachis but 
inoculum placed at the base of a spikelet may extend along the rachis mainly on 
its exterior and to some extent internally if the rachis is succulent, in which case 
other spikelets become affected, but it is not believed that this progressive method 
of axis to spikelet infection is common in nature. The fungus may live for several 
years within the grain and with the planting of infected seed, seedling infection 
follows on the same lines as previously described. 
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The factors which influence infection by this fungus are soil temperature and 
moisture, and high humidity at ear-blight stage. Wheat, a low-temperature 
plant, makes steady growth at temperatures of, say, 8° to 16° C., increasing rapidly 
but with decreasing vigour with higher temperatures up to about 28° C. The 
fungus, too, is tolerant of low temperatures in both its vegetative and perithecial 
phases, so that it is not adversely affected by the winter temperatures of our British 
climate, but its vigour is greatly reduced in natural competition with saprophytes 
Since both conidia and ascospores germinate below 10'' C. (a temperature which 
also permits of seedling germination) wheat was found to become infected in 
sterilised soils during February and March when the temperature did not exceed 
10° C. but others say that this is higher, not below 12^ C. The fungus, 
however, is more or less subdued at low temperatures, and within a range of 16° 
to 24° C. blight was found to be so severe that seedlings were killed before emer- 
gence and other seedlings which had succeeded in breaking into leaf became 
wilted At temperatures of 28^^ C. and higher, blighting usually occurs only 
after emergence. At low temperatures, protective to the wheat, though mycelium 
may be found in abundance around the underground parts of the seedlings, 
penetrations are frustrated, but with rise of temperature the hyphae enter readily 
through root hairs, piliferous layer, coleoptile, and sub-coronal internode. The 
fungus hardly ever travels higher into the stem than the second or third internode, 
and infection does not reach the head, though some have suspected ear infection 
to take place in a systemic manner jix relation to temperature it is inter- 

esting to note that the attack of G. zeae on another cereal, maize, occurs under 
diametrically opposite conditions Maize, unlike wheat, is a ‘ high-tempera- 

ture ’ plant. Whereas at 8° C. wheat plants remain disease-free, maize seedlings 
become blighted ; at 12° to 16"^ C. blight is still severe, but gets milder from 16” 
to 24°, being checked at the latter temperature almost entirely. It is difficult to 
account for these diametrically opposite effects of presumably the same strain of 
fungus on different hosts, and it would appear that the dominant influence of soil 
temperature must rest with the host rather than with the parasite. Further, it has 
been shown that resistance and susceptibility are correlated with the metabolism 
of the seedlings of the different hosts when grown at different temperatures 36)^ 
It is inferred that, under the influences of variable temperatures, moisture relations, 
light, etc., the degree of hydrolysis of starch and protein, of the amount of sugar 
in the embryo, especially in the growing point and in the coleoptile, the nature of 
the cell wall, whether of cellulose or pectic compounds, and especially the degree 
of cutinisation arid suberisation, all play their part in the incidence of infection 
In relation to the effects of soil moisture on infection, a lowering of this factor 
to a point where the normal metabolism of the seedlings is inhibited predisposes 
both wheat and maize seedlings to blight, for at 30 per cent, moisture-holding 
capacity of the soil both plants were blighted at all soil temperatures in infected soil. 
But tfiis adverse effect gradually lessened with increase of moisture content, until 
at 45 to 50 per cent, it ceased to be exerted. Thus, during the germination of 
wheat seedlings at 8° C. and 30 per cent, moisture capacity, 72 per cent, of the 
seedlings were blighted ; at 45 per cent, moisture, 44 per cent. ; and at 60 per 
cent, moisture seedling blight hardly existed. When the combined influence of 
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temperature and moisture content of the soil is unfavourable to the host, fungal 
attack seems inevitable, due probably to disturbance in the normal metabolism of 
the plant ^3)^ Records of the influence on infection of variable pH values of 
the soil are meagre ; a pH of 5*5 appears to be the minimum value for infection ; 
at or near 9-0 the fungus is very destructive to young seedlings even before 
their emergence ; in cultures, and probably under natural conditions as 

well, calcium appears to play an important part in the growth of this fungus 
Consideration of the temperature factor indicates that seeding when the soil is 
cool, that is, of spring wheat at the earliest safe date in the spring, and of 
winter wheat at the latest safe date in the autumn, reduces the risk of seedling 
blight 

In the control of this disease by crop rotation it is a common observation in 
the United States that wheat planted on land where infected maize has grown 
suffers more severely than when it follows any other crop, so that wheat must not 
follow maize in the rotation Since G, zeae is also harboured by wild grasses, 

removal of these from the vicinity of wheat areas, together with clean cultivation, 
is advisable. The disease is highly variable on different varieties of wheat and no 
variety is known to resist infection under a wide range of conditions. 
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Loose Smut, Ustilago avenue (Pers.) Jens., and Covered 
Smut| Ustilago kolleri Wille, of Oats 

‘ Loose ’ and ‘ covered * smut diseases of oats are caused by two closely related 
species of fungi, Ustilago avenae and U, kolleri respectively. Both types may be 
found wherever oats are cultivated ; the former appears to be much the commoner 
in Britain. 

Before the control of smut by grain treatment was adopted, smut diseases of 
oats ranked with the most destructive plant pests in temperate climates. In the 
United States loss of grain through smut is estimated to be very high ; in Canada, 
smut is far more common on oats than on wheat and barley, and the annual losses 
of about 6 1 million dollars are estimated to exceed those due to all the other cereal 
smuts put together 

It is not easy to distinguish between these two diseases in the field, and both 
may occur together in the same crop, but there are no visible symptoms of either 
until the plants have reached the heading stage. 

With the appearance of the black sporing-masses (' brand ' spores) in the heads, 
the plants affected with either type of smut are shorter than healthy plants. Those 
affected by loose smut may usually be distinguished from those suffering from 
covered smut by the branches of the panicle standing erect and more or less 
closely investing the central axis, so that the smutted head presents a more com- 
pact appearance than a panicle affected with covered smut, the branches of which 
are lax, with the smutted spikelets dangling down just like the healthy spikelets 
(Fig. 205). But, in fact, it is not a safe criterion to distinguish between the two 
smuts from mere external appearances of the panicles and, for certainty, micro- 
scopical examination of the smut spores is essential. The spores of loose smut 
have a spiny (echinulate) wall, whereas those of covered smut are perfectly smooth. 

Smut is usually very destructive to the protective chaffy scales, and the tissues 
of the ovary are entirely replaced by spores ; and other parts of the spikelets, even 
the glumes and awns, may also harbour them. In the covered smut, however, 
the spore masses are held together within the grain by a thin, whitish membrane, 
whereas in loose smut this protection breaks down and the spores are liable to be 
blown away by the vdnd until nothing remains of the head except the stalk. On 
the other hand, heads of covered smut remain more or less intact during the whole 
time the crop is standing, and the spores are not usually liberated until after harvest 
when smutted and healthy grain go together to the thresher, and from contact with 
the smutted grain, now broken, healthy grain becomes contaminated with the 
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Fig. 205. — Covered smut (Ustilago kolleri) and loose smut 
(Ustilago avenae) of oat. Ay covered smut. By C, loose 
smut, latter showing lesions also on the leaf. (^, photo 


spores set free. Spores from 
the panicles of loose smut, 
being free, are conveyed by 
wind to the spikelets of healthy 
panicles open for pollination, 
and thus reach the developing 
grain while the crop is stand- 
ing. There is, however, no 
hard and fast distinction be- 
tween loose and covered smuts 
of oats, in respect of the re- 
tention or not, of the spores 
within the grain. Those of 
covered smut may sometimes 
escape in the standing crop, 
while those of loose smut may 
sometimes remain in the grain 
until threshing. Whether the 
spores merely remain im- 
prisoned and dormant within 
the coverings of the grain until 
the time of sowing or whether 
there is actual infection of 
the developing grain at the 
blossoming period is discussed 
again below, but in both loose 


by Foister & Noble ; B, by Dillon Weston ; C, by and Covered smut, grain COn- 

tamination takes place, and 
infection in each case occurs when the grain is sown, the fungi penetrating the 
seedlings and keeping pace with the growth of the plants. Infection is, therefore. 


systemic, and with the conversion of the panicles into smutted heads, the life- 
cycle is complete. 


Loose Smut of Oats, Ustilago avenae (Pers.) Jens. 

Loose smut is much more common eveiywhere than covered smut. It is 
also more destructive to the spikelets, for in addition to occupying the ovary there 
is usually not an awn or a glume that has not been replaced by the sporing masses 
of this iFungus. Sometimes sporulation occurs on the uppermost leaf blade as 
well as in the panicle (Fig. 205 c) All the heads of a stool and all the grains 
of an ear may become infected, though some of the upper grains may often escape. 

The spores are globose to oval, olive-brown singly, with one side lighter than the 
other, dark, almost black, in the mass, and with a finely echinulate wall ; they measui^e 
from 5 to 9 /Lt in diameter, and are uninucleate and diploid. Germination takes place in 
a few hours in water or nutrient solutions and on solid media with the production of a 
stout tube or promycelium (basidium) which becomes four-celled by transverse septation. 
Each cell of the basidium is uninucleate, and the nucleus divides, sending one daughter 



CH. X 


CEREALS 


405 


nucleus into the developing sporidium (basidiospore) which arises near a septum, the top 
cell producing a terminal sporidium. The other nucleus remains in its basidium-cell and 
may divide again to provide nuclei for more sporidia (Figs. 6 1 , 62). During the formation 
of the promycelium the nucleus of the spore passes through a ‘ reduction division ' and the 
sporidia are therefore haploid. The spores may germinate differently at different tempera- 
tures, but whether such differences are to be attributed entirely to change of temperature 
or nature of the culture medium or to distinct strains of the fungus is not known, but at 
0° C. the germination of certain strains was inhibited, and at 5° to 10° C., in place of form- 
ing sporidia, the cells of the promycelium produced narrow hyphae which in some cases 
were seen to join together ; and at higher temperatures of 20^ to 25° C. a few sporidia, 
gemmae, and narrow tubes were obtained ; in nutrient solutions the sporidia may bud 
freely after the manner of yeasts 

The history of the smut fungus following the fusion of pairs of sporidia or of 
their mycelial equivalents has already been described in Chapter I, p. 40 etseq. The 
four or more sporidia produced by a diploid spore are not all genetically alike, 
and for exact biological studies, monosporidial, not monospore, cultures of the 
fungus are essential. The sporidia are then found to fall into two groups or ‘ sexes 
arbitrarily designated ‘ plus ’ and ‘ minus *, two being + and two - 
Fusion of vSporidia in pairs, an essential preliminary to infection, is only effect- 
ive between + and - sporidia, and infection fails if the sporidia are all f- or 
all - , There is no morphological difference between the mating sporidia. 
The union is not always between sporidia, and the uniting elements may be the 
germ-tubes or mycelium produced by them, or other cells budded from them 
(gametic equivalents), and the fusing elements may actually be two cells of a 
promycelium connected by a buckle-joint or a clamp connection (Fig. 206). 

The haploid sporidia or their gametic equivalents are incapable of causing 
infection, and it is only the mycelium that arises following the copulation of these 
elements that initiates the parasitic phase in the life-history of this and probably 
most smut diseases (see p. 100). After union of the two gametic elements, the 
respective nuclei, which for simplicity we may refer to as ‘ male ^ and ‘ female 
do not fuse together but remain in association as paired nuclei. This association, 
though difficult to detect in the parasitic mycelium, presumably remains throughout 
the whole career of the parasite within the plant, from the time the fungus attacks 
it at the seedling stage to its final destination in the flowers at the heading stage. 
From the presence of the nuclei in pairs, in the mycelium which infects the host, 
the parasitic history is called the dikaryophytic phase, but though microscopic 
examination of the fungus during this phase does not always show the nuclei in 
close association in pairs, it is presumed that the nuclei which meet and finally 
fuse are of different sex. When the fungus begins its sporing in the ear, a male and 
a female nucleus come together again in every young spore, and it is during the 
ripening of the spores in the ear that the long-deferred fusion of the two gametic 
nuclei takes place, making every spore, therefore, a diploid reproductive cell or 
zygote The ripe spore alone represents the sporophyte in the life-history of 
the smut organism, for during its germination, as above stated, the fusion nucleus 
passes through the reduction stage and the promycelial cells and their sporidia 
return the organism to the haploid condition. Sometimes a spore produces a 

o 
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Fig. 206. — Ustilago avenue. fused sporidia, from arti- 
ficial culture. B, spores germinated within the glumes, 
and fused segments of promycelia. C, fused sporidia 
obtained from within the glumes, after inoculation with 
a suspension of two monospondial lines of opposite sex. 
D, flower infection ; germinated spores on the stigmas 
and ovaries, showing fusion of promycelial segments 
and formation of gemmae. E, spores germinating on 
the stigma of Anthony oats ; direct penetration by germ- 
tubes, as found also in seedling infection. E, spores 
germinated within the glumes at 5° C. (after Western, 
Phytopath.) (see also Fig. 121) 


promycelium (usually only 2- 
celled) which has not passed 
through the reduction division 
and which does not produce 
sporidia ; being still diploid, 
such a promycelium or its 
derivatives is therefore capable 
of establishing infection forth- 
with (cf. Fig. 62). 

There is some diversity 
of opinion as to the extent to 
which infection of the flowers 
takes place in the standing 
crop, whether it is that the 
wind-borne spores which find 
their way into the open spike- 
lets remain ungerminated but 
viable throughout harvest and 
storage, or whether they germ- 
inate forthwith so as to pene- 
trate the various parts of the 
spikelets and particularly the 
developing grain before har- 
vest, in which case there is 
the possibility of the formation 
of a resting mycelium in the 
glumes or on the grain. There 
is, however, general agreement 
that if at the time of pollina- 
tion smut spores do happen 
to fall on the stigma or the 
ovary (Fig. 206 D, e), they 
germinate in a very short time 
and the mycelium produced 
by them may invade the pales 
or the pericarp, or both. But 


it is by no means certain that this mycelium, which remains dormant throughout 


harvest and storage of the grain, can start the disease afresh when the infected grain 


is sown. Some say that it is only this mycelium resting in the glumes or pales that 
is eflFective The artificial inoculation of the flowers of oat by spores of loose 


smut is not an easy operation to perform, and while the extent of infection may de- 
pend upon various factors such as the capacity of an oat variety to open up its 
pales, the conditions of the environment at time of flowering, and other unknown, 
perhaps, inherent factors, it appears that flower infection in standing crops of oat 
is not nearly as common as in loose-smut infections of wheat and barley caused by 
V- tritici and C/. nuda respectively. A great deal of experimental work, involving 
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various methods of inoculating the flowers has been carried out with smuts, not only 
as above with the hulls intact but also with grains dehulled by hand. Such shelled 
grain, contaminated before sowing, gave a high percentage of infection ; those 
with hulls intact gave less, and flower-inoculated oats gave the least amount of 
infection While the extent of flower-infection in oats depends apparently 
on a variety of factors, including the type of oats and the particular strain of the 
pathogen experimented with, it is generally conceded that most infections which 
are traceable to the flowers are actually due to ungerminated spores which have 
been lurking within the glumes and pales or which have remained adherent to 
the pales. These spores remain viable in situ throughout harvest and storage, and 
revive to attack the grain when it germinates ; occasionally, perhaps, seedling 

infection may occur also from resting mycelium in the pales 

As above stated, before the fungus can infect the young seedling it must, in 
one way or another, have established a dikaryophytic mycelium. Under natural 
conditions this preliminary is no doubt effected when numerous spores germinate 
close together in contact with the seedling, so that when the sporidia are produced, 
they or their germ-tubes copulate and, by the passage of a haploid nucleus from 
one sporidium or its germ-tube to another, a dikaryophytic phase is initiated in 
the now binucleate sporidium or germ-tube, as the case may be ; the empty 
sporidium or tube remains passive (Fig. 121). 

During the early stages of germination of the oat grain the plumule or first 
bud is pushed out by the elongation of the mesocotyl region below, and the fungus 
usually penetrates first just below the base of the plumule. Opportunities for 
penetration are brief, for after the primary shoot is about an inch long, further 
attacks are resisted. In about a week following infection the fungus is found in 
the sheath or coleoptile and in the space between that organ and the first leaf 
within. The infecting hyphae are intracellular in the epidermal cells, but when 
the deeper tissues are reached the mycelium is intercellular. The fungus, having 
reached the young axis, continues its growth upwards and, once the mycelium is 
present in the apex of the young shoot, systemic infection begins, for the fungus 
now keeps pace with the growth of the host until spores are formed in the heads. 
Within the growing point the advancing mycelium appears to be entirely inter- 
cellular and composed of somewhat broad, curved segments, some of which are 
uninucleate, binucleate, or even multinucleate, and even just before spore-formation 
it is very difficult to find evidence of conjugate nuclear division and to detect 
at what stage the nuclei become associated in pairs prior to spore formation. 
During its progress within the host the fungus apparently has no adverse effect 
on the tissues until it accumulates in the spikelets, where eventuallythe tissues of 
the ovaries are destroyed and replaced by smut spores. 

Sometimes, according perhaps to variable external conditions such as tempera- 
ture, humidity, and perhaps to other factors that may induce rapid growth of the 
host, the infected plant may outpace the progress of the fungus, so that when the 
ear stage is reached the inflorescence is free from fungus and develops perfectly 
healthy grain. The presence or absence of smutted panicles is therefore no certain 
guide to susceptibility to, or immunity from, smut disease, for the infection may still 
exist at the base of the plant. Infected plants which gave healthy heads at harvest 
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may, after harvest, throw weak tillers which are completely infected with fungus 
which had travelled up from the stool. Even varieties of oats which are resistant 
to or immune from smut fail to prevent infection entirely, but with these, penetra- 
tion does not usually go further than the epidermis the contents of which have 
apparently a toxic effect on the infection hyphae, and the disease is completely 
checked (Fig. 121). But it is very difficult to determine the exact nature of the 
factors which appear to allow the fungus, in greater or lesser degree, to enter the 
host in some cases, with no evidence of its presence to external view, and with 
no inhibiting effect on the growth of the plant ^2, 28. 20, 30) 

There are several physiologic races of both these species of smut fungi and, 
as some of them have a wide geographical range, the breeding of oats for resistance 
to smut in particular localities is rendered very difficult, and especially so in view 
of the comparative ease with which the two species hybridise. Furthermore, in 
view of the difficulty of detecting a clear resistance to smut owing to the prevalence 
of incipient or latent infections in ‘ resistant ’ oats, it is evident that the establish- 
ment of pure breeding lines resistant to or immune from smut has proved to be 
a matter of great practical difficulty, and, indeed, a pure-breeding resistant type 
of oats which has the capacity of producing consistently a low degree of infection 
has not so far been found and varieties which have shown a high capacity 
of infection under experimental conditions are not always susceptible in the 
field 

Since the oat plant is only susceptible to infection during the early stages of 
germination, the extent of infection is obviously influenced by various factors of 
the soil environment, of which temperature and humidity play an important part. 
The optimum temperature for the germination of the spores extends rather widely 
from 15° to 28° C. (minimum 4^^ to 5° ; maximum 31'' to 34° C.), and this range 
is practically the same for optimum growth of the host In general, it 

may be stated that a comparatively high temperature and a low moisture content 
of the soil are favourable to infection. The interdependence of the factors of soil 
temperature and soil moisture in the incidence of smut indicates a method for its 
control, for by the practice of early sowing of oats in the spring, when soil moistures 
are high and temperatures are relatively low, risk from infection is greatly reduced. 
Thus, in trial sowings in April and May, when soil temperature was ii*i° C. and 
soil moisture content ranged between 45 and 50 per cent, during the spring, the 
crop showed less than o*i per cent, of smutted plants, whereas under reverse 
conditions of relatively high temperatures and low soil-moistures all the crop was 
smutted Furthermore, any factor (such as deep planting) that retards the 
germination of the seedling prolongs the period of susceptibility during the pre- 
emergence phase, and any factor that encourages slow development of the host is 
favourable to the parasite, while rapid germination and growth, although not 
preventing infection, may help in the production of normal panicles, which thereby 
have outpaced the disease ). 

Little information appears to be available about the effects of temperature and 
humidity during the later phases of the disease, and little is known about the 
effects of fertilisers on the crop in relation to incidence of smut : it is known, 
however, that while the application of phosphates gave very high increases in the 
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field, there was no evidence of any reduction in the percentage of smutted 
panicles 

The great success of the treatment for control of smut disease by seed disinfec- 
tion indicates clearly that infection takes place largely from spores adhering to the 
grain-coat, and which germinate when the seed is sown. In localities where it 
has been definitely established that infection of the seedling takes place from a 
resting mycelium in the grain, seed disinfection has also proved effective since 
the fungus is confined to the surface of the caryopsis. Infection appears to be 
mainly from spores within the glumes, and spores on the surface of the glumes 
are so dry and powdery that they do not stick to articles with which they come 
into contact so readily as the spores causing bunt (Tilletia) in wheat, and the danger 
of conveying smut by contaminated sacks and implements is not so great 
Although smut spores obviously fall in great numbers on the soil, there is no 
evidence that any appreciable amount of infection of the germinating seedlings 
occurs from spores in the soil. 

Treatment by seed disinfection is effective against both loose and covered 
smut. The most popular fungicide is formalin, in solution as used for wheat 
bunt and covered smut of barley, or it may be used as a dusting powder. For 
hull-less varieties of oats copper carbonate dust is recommended ; it should contain 
about 50 per cent, of copper and be applied at the rate of 4 oz. per bushel 
This treatment has been known to give a 70 per cent, reduction of disease in the 
case of hull-less oats which are known to suffer severe injury if subjected to the 
formalin treatment Good results have also followed from the use of organic 
mercury dusts, both from the standpoint of smut control and effect on germination 
and stand \ 


Covered Smut of Oats, Ustilago kolleri Wille 

We have seen that in loose smut, so complete is the destruction of the spikelets 
that the spores are easily dispersed by wind, and healthy panicles are infected in 
the field at flowering time, or soon after. Spikelets affected with covered smut are, 
however, able to preserve their shape owing to the permanence of the glumes, 
and whilst it is by no means unlikely that spores of covered smut may often escape 
from cover when the plants beat against each other in the field, and may be carried 
by wind, as are those of loose smut, to panicles that may be rather late in flowering, 
the spores of covered smut, as already mentioned, mostly remain in the heads until 
harvest time. When the smutted grain is threshed along with the healthy, the 
protective membranes are broken, and the great masses of spores thus liberated 
find their way under the hulls, or in varieties of hull-less oats they settle down on 
the grain itself. In this way sound grain becomes contaminated (Fig. 205 a). 

Covered smut of oats is caused by Ustilago kolleri which name now replaces the older 
one U, levis. The spores are similar to those of U, avenae but perfectly smooth- walled, 
while those of U, avenae are spiny. The spores of both these species germinate in the 
same way and the mode of infection and histological features within the host are, as far as 
knowti, identical. The spores of covered smut are viable over a longer period than those 
of loose smut. In culture they gave the highest percentage of germination about 2 months 
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after collection, and preserved their viability for 2 to 2J years, while some samples were still 
viable after 5I years 

There are no clear characteristics whereby Ustilago avenae and U. kolleri can 
be distinguished on taxonomic grounds ; and indeed, it has been suggested that 
they might well be regarded as ‘ spiny- ’ and ‘ smooth ’-spored varieties of the same 
species The two hybridise with the greatest of ease, the spiny character 

being dominant over smooth, in the simple Mendelian ratio of 3 to i, in segrega- 
tion^^* 24), Inoculations performed with mixed sporidia of the two species resulted 
in the smutted heads being of variable appearance but retaining the characteristics 
of the loose type, with spiny spores New races of smut are believed to arise 
by crossing and by mutation In 1931 a ‘ buff ’ smut of oats in America was 
found to have arisen as a mutant of U. kolleri This mutant race crossed readily 
with the two smut species, the buff character proving recessive in inheritance. 
Some of these hybrids with the mutant were more virulent than either parent ; 
one race produced spore masses entirely covered by the outer glumes, another race 
completely destroyed the glumes leaving the sori exposed, while other races for 
the most part partially destroyed the glumes, thus producing smutted panicles of 
an intermediate character. The spores of the buff smut, like those of U. kolleri, 
remain intact in the grain and arc not readily dispersed. This new fungus may 
perhaps be a variety of U, kolleri or possibly a distinct species, and has been found 
in panicles smutted under natural conditions Moreover, it is claimed that 
U. kolleri is not distinct morphologically from U, hordei, causing covered smut of 
barley, and it is suggested that the two should be regarded as specialised varieties 
of a morphologic species, priority being given to f/. hordei 

Several authors report the existence of physiologic races of U. kolleri ^ 6 , 27, 
30 , 34), One race attacks the well-known Fulghum oats, which, with the variety 
Red Rustproof (grown extensively in the southern half of the United States), is 
stated to be resistant to loose smut, but so far no race of U. kolleri has broken down 
the resistance of Red Rustproof In Wales two races were found on the variety 
Avena strigosa orcadensis ; one of them was highly virulent on this host, which 
was, however, highly resistant to the second race, but the latter caused complete 
infection of the ‘ potato ' oats, a variety of A, sativa ; and collections of 
U. avenae in the United States produced smutted ears on the normally resistant 
Victoria and Black Mesdag The varieties Victoria, Markton, Navarro, and 

Bond are highly resistant under most conditions in the United States 

The same physiological relations discussed in connection with loose smut 
appear also to apply to the parasitism of covered smut. 

Both diseases are controlled by seed treatment. Some prefer formaldehyde 
dust as a safer treatment than the liquid formalin, owing to deterioration in keep. 
Good results are reported from the use of certain volatile mercury compounds 
such as ethyl-mercuric chloride or phosphate ; the latter has the added advantage 
of checking other diseases of oats besides smut 
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Crown Rust of Oats, Puccinia coronata Corda 

Crown rust is very common on oats, but does not occur on wheat, barley, or 
rye. It is, however, very frequent on grasses on some of which it is specialised. 
On rye grass {Lolium perenne) and meadow foxtail {Alopecurus pratensis) it causes 
appreciable damage in the aftermath, resulting in considerable defoliation and 
rendering the herbage unpalatable to stock Crown rust attacks mainly the 
leaves and leaf stalks, less frequently the stem. It is caused by Puccinia coronata 
a heteroecious fungus which develops its uredospores and teleutospores on the 
graminaceous host, and spermagonia and aecidiospores on the shrubby buckthorn 
{Rhamnus) (Figs. 207, 208). In Britain, especially in the west and north, oats 
suffer heavily from this disease and very poor yields are obtained. In the United 
States crown rust is responsible for greater aggregate losses than stem rust 
{P, graminis) on oats, especially in the south ; in New York State it is the most 
destructive rust of cereals and causes a loss on the oat crop exceeded only by the 
smut diseases In Scotland, in 1933 losses were particularly severe but 
in later years they have not been so heavy. 
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Fig 207. — Crov^n rust {Pucctnia i or onata). On the aecidial hosts A, B, on Rhamnus fratifrula. A, 
upper leaf surface showing numerous pustules. B, under surface showing aecidia. C, D, on 
Rhamnus cathartica. C, upper surface showing shrivelled infection pustules with abortive 
spermagonia. D, the same, under surface (photo by Brown (Gilsen), Ann. App Bwl ) 


The orange-coloured uredosori, irregularly scattered on both sides of the leaf, are 
small, oval and sometimes confluent. The uredospores are globose to obovate, echinulate, 
and measure from 18 to 27 by 16 to 2^ pu (Fig, 209 a). The teleutospores (Fig. 209 b) 
on leaf blade or sheath are covered by the epidermis for a long time ; they may be found 
concentrically arranged around the uredosori, or in inconspicuous raised streaks over 
which the epidermis remains unbroken There are numerous factors which appear 
to control the production of teleutospores in this rust. Different strains of the fungus 
vary in their capacity to produce them and while some authors state that they appear 
independently of the resistance or susceptibility of a particular variety of oats others 
say that the teleutospores develop earlier on a more or less resistant variety than on a 
susceptible one ; and some strains of the fungus produce them only on resistant plants, 
while other strains appear not to produce them at all The teleutospores are brown 

and smooth, and have the upper cell considerably broadened out and flattened at the top 
where there are 5 to 7 dark-coloured, finger-like processes forming a ‘ crown * to the spore ; 
the spores measure from 3 5 to 60 by 1 2 to 22 /x, and are borne on rather short, thick pedicels. 

The aecidial stage, which appears on the buckthorn in May and June, follows upon 
infection with the sporidia produced by germinating teleutospores which have survived 
the winter on oat-straw or susceptible grasses. Freezing appears to assist their germina- 
tion ^3, 13 ), Qn the lower surface of the buckthorn leaf, or on the petiole, yellow or 
purplish spots are formed, scattered or in groups, and the infected parts may show 
considerable distortion of growth. The aecidium which finally projects through the 
broken tissues is furnished with a white cylindrical peridium, torn and revolute at the 
margin ; the aecidiospores are delicately vernicose, orange in colour, sub-globose, and 
measure from 16 to 25 by 15 to 20 p, ; spermagonia are found on the upper surface of the 
leaf or amongst the aecidia If infections on the buckthorn are particularly heavy, 
aecidia may also sometimes appear on the young twigs 

The two species of buckthorn most commonly affected are Rhamnus frangula 
and i?. cathaTticUy but R, lanceolata and R, ahtifolia and a few other un- 
important species ^7) are also susceptible. An unrelated host Lepargyrea cana- 
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densis of the family Elaeagnaceae 
also acts as an alternate host to 
that form of the rust which is 
found on the grass Calamagrostis 
purpurescens Both the 

frangula and cathartic a species of 
the buckthorn are reported in 
America to be susceptible ; of the 
seven races of P. coronata in 
Britain, all except one infect one 
or other of the two buckthorns, 
not both These varieties are 
distinguished by their elfectsupon 
particular graminaceous hosts ; 
the race on Lolium perenne is de- 
signated P. coronata var. loliiy the 
one on Holcus lanatus, P. coro- 
nata var. hold. Of the fornv 
on oats P. coronata var. avenae 
there are numerous physiologic 
races In Britain it is not 

usual for any of the forms of this rust on the grass hosts to affect oats, and the 
majority of grasses are resistant to the form on oats, so that, in general, there is 
little to fear that infection of oats may occur from grasses infected with crown 
rust 


Fig. 208. — Pucctma coronata. Section of leaf of 

frangula showing normal spermagonia and leaf in- 
fection ( X 170) (photo by Brown (Gilsen), Ann. 
App. Biol.) 



From experiments conducted in south Russia the critical period for infec- 
tion of oats with the uredospores was found to occur with the formation of the 
ear and up to the * milky ’ condition in the development of the grain. Recent 
experiments in Louisiana have established that the parasitism of the leaf 
cells of oats by this rust depends on the liberation by the host cells of phosphoric 
compounds into the intercellular spaces for the nutrition of the fungus 
Leaf infection is stomatal and penetration is preceded by the formation of appres- 
soria ; resistant and susceptible hosts are penetrated in the same way, and while 
there is very little hindrance to the progress of the fungus in susceptible leaves, 
in resistant hosts a reaction early sets in, and after the death of the haustoria and 
of the host cells invaded by them, the fungus makes no further headway 

Primary infections and greater intensity 
of attack occur chiefly during rainy periods 
and are favoured by comparatively low 
temperatures, but the progress of the fungus 
in the host may continue at higher tempera- 
tures. Observations in Louisiana showed 
that crown rust is quite prevalent from mid- 
winter until the oats mature, and that uredo- 

'=»» to'? "'s" 

( X 5po) (after Erikkson & Henning) temperatures. Their viability appears to 
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be reduced by exposure to light, this being lost within 23 days, whereas the 
spores were germinable after being kept in the dark for as long as 79 days 
Experiments in Arkansas ^^2) showed that at temperatures of 5 to 10° C. and 
a humidity value of 25 to 50 per cent., the uredospores remained viable for a 
whole year, while at lower humidities of 15 to 25 per cent, the spores lived only 
for 6 months ; at temperatures above 15° C., the spores died at all humidities, 
and it appears that for particular localities and probably for many of the im- 
portant oat areas in the United States, uredospores are of little concern in the 
perpetuation of this rust over the winter ; in the northern areas the buckthorn 
provides for the primary infections, but in the southern area the rust appears to 
be carried over by uredospores which have survived the winter, and it is also 
probable that uredospores are conveyed from northern to southern areas by wind. 
Experiments in Winnipeg have proved the importance of the influence of 
temperature upon reactions to crown rust shown by selected oat varieties to certain 
physiologic races of the fungus. While some races developed normally at all 
temperatures tried, on all the diflFerential hosts, other races differed in the time of 
appearance of, or failure to develop, teleutospores, according to temperature 

Rhamnus bushes are not common in Scotland, and there is evidence that 
uredospores do not remain viable over the winter, so that the rust is probably 
brought there by wind-blown spores from England or Ireland 

Although the systematic eradication of the buckthorn in the localities where 
it occurs would no doubt help to reduce the incidence of crown rust, in other areas 
where the uredospores are capable of carrying the rust over from one season to the 
next, the only hope of control lies in the production of resistant varieties. It must 
be borne in mind that it is often desirable in practice to develop varieties of the 
host that will prove to be resistant to one or more rusts, as here, to both stem and 
crown rusts, for in many localities it has been clearly demonstrated that there are 
varieties of oats resistant to stem rust which are susceptible to crown rust, and to 
the, devastating smut diseases. Experiments conducted in Wales 6) showed 
that crosses between selections of the variety Red Rustproof {Avena sterilis) and 
the highly susceptible Scotch Potato oats {A, saliva) infected with a strain of the 
rust on the latter variety, yielded two distinct groups, resistant and susceptible, 
and the segregation in the Fg generation gave clear indication that resistance 
behaved as a simple dominant. 

It may be stated, in general, that varieties of oats which mature early may 
actually escape heavy infection with crown rust. It has been observed in Wales 
that the comparatively slow-growing and late-ripening varieties Goldfinder and 
Welsh Strigosa are usually severely diseased while Black Tartar, Ceirch du bftch, 
and Radnorship are amongst the least susceptible, and this despite the comparative 
lateness of the first two varieties ; the variety American Sixty Day, one of rapid 
growth and early ripening, also gives good results in Wales. In the northern areas 
of the United States the varieties least affected by crown rust are Green Mountain, 
Red Rustproof, lowar, Burt, and Richland 
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Leaf Stripe and Seedling Blight of Oats^ Pyrenophora avenue Ito & Kuribay 
( = Helminthosporium avenue) Eidam 

Leaf stripe or leaf spot and seedling blight of oats is common and destructive 
in the wetter, northern and western areas of the British Isles, where oats is the 
principal cereal cultivated. In the United States it is not considered to be a 
serious disease of oats, but in Canada, Germany, Denmark, Holland, Belgium, 
and Italy it is reported to account for heavy losses in yield ; it also occurs in 
Japan, India, and South Africa. 

The disease is carried by the seed and a pre-emergence stage (blight) causes 
much distorted growth and destruction of seedlings. There are two distinct 
phases in its history on the host plant. The primary, the leaf-stripe stage, involves 
the seedling and the young plant until the fourth or the fifth leaf is formed, and 
the secondary, the leaf-spot phase, appears on the plant at maturity (Fig. 210); 
and between these two stages there is a disease-free period of about 4 to 6 
weeks 13, 16)^ 

The first leaf of an infected seedling to appear above ground usually shows a 
yellowish-white tip and very small yellow spots on the leaf blade (Fig. 117B) ; 
the spots soon become elongated parallel to the long axis of the leaf or they may 
join together to form pale-yellow stripes. These infected parts soon turn brown 
so that one of the early symptoms in the field is the presence of one or two brownish 
stripes running from the base of the leaf but usually not reaching as far as the tip. 
The succeeding second and third leaves repeat the same striped appearance, but 
by the time the next leaf has unfolded, intensity of infection is feeble, this fourth 
leaf showing the disease in a much milder form as small brown patches instead of 
stripes as seen on the leaves below. From now on, infected plants appear to grow 
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normally, the remaining 
foliage leaves looking healthy 
and free from disease. With 
the formation of the fifth and 
subsequent leaves, and con- 
tinuing up to the ‘ green 
ear ’ stage, the plants enjoy a 
disease-free period, as above 
stated, of some 4 to 6 weeks. 
At the end of that time, how- 
ever, diseased spots may be 
seen to break out on the 
upper, previously clean 
leaves, and their appearance 
heralds the second phase of 
the disease, that of secondary 
infection. This phase is not a 
continuation of the first, for 
It appears at the same time 
on entirely healthy plants 
in the crop, that is, on those which did not show primary infections. These new 
spots are scattered haphazardly on the fresh leaves as well as on the older leaves 
on which the original lesions may still be distinctive in definite longitudinal stripes. 
On plants healthy from the start they are, of course, the only type of infection on 
all or any of the leaves. The secondary spots are, at first, furnished with a yellow- 
green or sometimes purple margin surrounding a sunken, brown and dried area, 
and though these spots may later join and run together in a direction parallel to 
the length of the leaf, they can be distinguished from the primary stripes by their 
greater width and irregular contour ; there is, moreover, no shredding or splitting 
of the lamina. The primary stage of this disease is more destructive in its effects 
than the secondary, for it falls at an early and critical stage in the development of 
the host, and must inevitably account for much general debility leading to a thin 
stand of seedlings The second phase, while not causing appreciable crop 

injury, is of the character of leaf damage to foliage already mature, but is neverthe- 
less important as it is responsible for the infection of the ear and grain ^2). 



Fig 210 — Leaf stripe and leaf spot of oats (Pyrenophora 
(Helminthosponum) avenat ) A, a. diseased, distoitcd seed- 
ling By the primary leaf-stripe stage C, the secondary 
spotted stage (photos by Foister & Noble) 


The fungus which causes this disease of oats is better known by the name of the 
conidial stage of reproduction, Helminthosporium avenue ; the perithecial stage, Pyreno- 
phora avenue is of rare occurrence ; pycnidia of unknown function also occur in the 
life-history of this organism. The brown conidiophores arise on the dead discoloured 
spots on the leaves, singly or in groups of two or three, usually passing out between 
epidermal cells. The first conidium is terminal, and others arise at intervals in sympodial 
fashion along the septated conidiophore, at points indicated by small swellings or knee- 
joints (Figs. 120, 21 1 f). The conidia are cylindrical, at first light-coloured, becoming 
yellow when older ; lepta vary from o to 12 (usually 3 to 8) in number, and the basal cell 
is marked by a black spot or hilum ; germ-tubes may be produced by any of the cells. 
Spores measurements given are, from 17*5 to 147 by 8*25 to 28*25 P from 15 to 55 
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by 13 to iSfi ^21). On oat- or maize-meal agar, at 25"" C., a very characteristic white, 
cottony, tufty growth arises from a greyish aerial mycelium, the submerged portion being 
very dark, almost black, but different strains of the organism vary widely in appearance 
in culture. The young mycelium is thin-walled, colourless, septated, and multinucleate, 
and occasional anastomoses between hyphae may occur (Figs. 115, 118). Saltations are 
of frequent occurrence Conidia are produced sparingly on nutrient media but 

abundantly in tap-water agar Sporulation was enhanced in cultures exposed for brief 



Fig. 21 1. — Pyrenophora (Helminthosporium) avenae. seedling infection, /, lesion on the 

coleoptile. C, penetration of oat leaves by germ-tubes, stomatal and cuticular, respectively. 
jD, sclerotia on inner pale of the grain. Ey section of a sclerotium. F, conidiophores and 
conidia ( x 190). G, pycnidium ( x 130). if, oat stubble bearing perithecia. /, immature 
penthecium from stubble ( X45). y, two asci ( x 190). iC, four ascospores ( x 190). L, two 
setae from perithecium ( x 190) (after Dennis, Trans, Brit, Myc. Soc,) 
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periods to white light of high intensity and on infected grains submitted to a 20 
minutes’ irradiation after an incubation of three days at 22° C. ^*2). As the cultures get 
older, the submerged hyphae become converted into short segments resembling chlamydo- 
spores (Fig. ii b) The optimum temperature for growth is 30° C., the minimum 

being about 2° to 3° C. ; actively growing mycelium resists temperatures below the 
freezing point ( - 4 to ~ 8° C.) and there is a record of as low a temperature as - 14° C. 
being tolerated for 56 days 

Resting mycelium may be found at the surface of the grain mostly at the tips of the 
pales and within the pericarp. On the pales it is brownish and consists of thick-walled 
hyphae ; at intervals on the surface of the husk the resting mycelium forms small scales 
of cells resembling sclerotia (Fig. 115). True sclerotia may, however, be found in the 
field, as small black bodies embedded in leaves lying on the ground after harvest 
In addition to sclerotia, from which they are hardly distinguishable, small black pycnidia 
may be found on the chaff of the dry grain and they have also been observed in 
culture (Fig. 21 1 g) They contain minute unicellular pycnospores, measuring from 
2 to 3 by 2 /z, which have not been seen to germinate and their function is not known ; 
in structure the pycnidia closely resemble those of //. teres (p. 443). The perithecial 
stage Pyrenophora avenae (Fig. 211 u, i), discovered independently in Germany and 
Japan is rare both in culture and under natural conditions, and although there 
are important differences between the descriptions from these two sources (the first, 
discovered in culture, and the second, naturally, on grain and stubble of oats), a 
description of the perithecia discovered by Dennis ^3) in 1934 on stubble of King’s 
Oat in Scotland agrees closely with that of the Japanese form. They are described 
as being sub-epidermal at first, later becoming erumpent, semi-globose when young, 
later flask-shaped or conical, with short parabloid or cylindrical ostiolar beaks ; the 
blackish-brown wall is beset with long conidiophores and setae (Fig. 21 1 l). The 
perithecia measure from 300 to 600^ in height, from 450 to 800 /Lt in long diameter, 
and from 350 to 700 {jl in short diameter. The fasciculate-clavate or cylindrical, hyaline 
asci are often slightly curved, rounded at the apex, slightly stalked, and measure from 250 
to 400 by 35 to 40 ^ ; they contain 2 to 8 (mostly 8) pale-yellowish or yellowish-brown, 
ellipsoid or oval ascospores furnished with 3 to 6 (mostly 5) transverse septa, sometimes 
with I to 4 vertical septa ; the spores measure from 50 to 75 by 17*5 to 30 (Fig. 21 1 J, k) 

The disease is seed-borne, and the most important source of infection is the 
resting mycelium on the grain (Fig. 115 fm). The fungus is not believed to 
be capable of over-wintering in the soil, and it appears to be a weak competitor 
with the normal micro-organisms of the soil The conidia carried over on the 
grain have proved to be viable for at least 6 months, but they are relatively scarce 
and are probably of little importance in starting fresh infections The primary 
stage of infection is therefore believed to start when the resting mycelium becomes 
active at the germination of the seed. Penetration takes place at the outer surface 
of the coleoptile (Figs. 116, 117, 118, 119), and as the history of these early in- 
fections appears to follow the same sequence of events as that outlined in the para- 
sitism of H, gramineum the reader is referred to the account of the stripe 

disease of barley caused by that organism (p. 431). Infection progresses from leaf 
to leaf in the same way, but in this disease comes to a halt at the fourth leaf, and 
henceforth leaf stripe of oats is unlike that of barley, for in the latter the fungus 
concerned continues unabated on its career until all the leaves and the ear are 
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reached and infected. Oat stripe disease, unlike the stripe disease of barley, in- 
cludes a secondary phase which, as already mentioned, follows upon the primary 
after an interval of some 4 to 6 weeks during which the upper leaves expand and 
remain healthy. These secondary infections are definitely known to be due to 
conidia carried by wind from the primary lesions (Fig. 120) and occur on the leaves 
of healthy plants as well as those of plants already infected. Penetrations may be 
direct or stomatal, and infections soon appear as dull brown spots each with a 
yellow margin fading into the normal green colour of the leaf ; a purplish line 
replacing the yellow indicates that the infection has been early checked, a 
phenomenon that would arise probably if the host attacked was more or less 
resistant, or as a result of reaction against a different strain of the parasite 

The freedom from disease enjoyed by infected plants from the termination of 
the primary until the onset of the secondary attacks is greatly favoured by a dry 
environment, such a condition being entirely detrimental to the germination of 
the conidia and infection of the leaves. With the additional growth attained during 
the interval, however, the foliage throughout the crop is rendered much more 
compact, and there is thus established a microclimate of higher humidity than 
before, which is conducive to the success of secondary infections ; plants kept 
dry in exposed situations in the field or in comparative isolation show but little 
signs of infection beyond the primary seedling phase 

The influence of the temperature factor on the incidence of this disease cannot 
be considered apart from that of soil moisture, for despite the fact that low tempera- 
tures are favourable to the fungus in wet soil, the disease is also aggravated under 
higher temperatures, but only under conditions of relative drought, and in these 
circumstances soil moisture behaves as a limiting factor. The primary phase of 
this disease is of much greater importance in the colder and wetter parts of Britain 
than in the warmer and drier areas, a fact which indicates the importance of soil 
temperatures in the initial stages of the disease 

The secondary phase of the disease, in Britain, is at its height in late 
July and August, and culminates in the infection of the grain at the ‘ green- 
ear ’ stage. The wind-borne conidia may be found clinging to the short hairs 
on the pales, from which points of attachment they proceed to form a resting 
mycelium. It is true that the conidia may remain viable on grain stored from 
harvest to sowing-time, but it is the resting mycelium and not the over- 
wintered conidia that is mainly responsible for the primary infections when the 
grain is sown. 

As leaf stripe of oats is carried by the seed the methods of control are on the 
same lines as those indicated for the stripe disease of barley. Seed disinfection 
with certain organic compounds of mercury has also proved highly effective in 
controlling this, as well as other diseases of the oat plant 7 , 10, 12, 14) (Fig. 163). 
No variety of oats is yet known to be immune from leaf-stripe disease, and all 
varieties are more or less susceptible. It is reported that home-grown seed is 
unprofitable to use for more than two years in succession and a change of seed 
is recommended 

Another seed-borne disease of oats, attributed to a new species of Helmintho- 
sporium (named H. victoriae)^ has recently appeared in America. It attacks the 
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basal parts of the plants, producing necrosis of roots and stem ; the straw is 
rendered weak and there is excessive lodging 
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Grey Speck or Grey Leaf of Oats {non-par antic) 

Grey speck or grey leaf commonly found to attack oats also affects wheat, 
barley, timothy, and other fodder grasses, adversely influencing the quality of 
the grain or hay as the case may be. It is not attributed to any plant pathogen, 
and is believed to be a ‘ deficiency ’ trouble due to the lack of manganese in the 
soil. Apparently it is not due so much to the complete absence of this mineral, 
for such a condition would probably be of rare occurrence in any soil, as to some 
factor or factors which render the manganese unavailable to the plant. 

Grey speck is well known in Britain and has been reported from Holland, Norway, 
Sweden, Denmark, and Germany. Its first discovery in Britain appears to have been 
made in Scotland, about 1913 ; in 1931 it was reported in Wales on many varieties of 

oats, doing considerable damage in the early parts of the season ; it was recorded 
again in 1932 to be somewhat serious in certain parts of Yorkshire, to such an extent that 
oat crops failed almost completely The trouble was noticed in Canada in 1924 
but its appearance in the United States is comparatively recent The disease has been 
closely studied in Australia, the first case, reported in 1922, described as ‘ white wilt * of 
oats, coming from Dwarda in Western Australia ; six years later the trouble was discovered 
in South Australia where it was popularly called ‘ roadside take-all but grey speck 
has no connection with the more serious fungal trouble ‘ take-all ’ or ‘ whiteheads ' (see 
p. 377) which is also prevalent in certain parts of Australia and elsewhere. In the lower, 
south-eastern districts of Australia in 1932 barley was also found to suffer from a disease 
similar to grey speck of oats, but not nearly to the same extent as oats 
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The earliest investigation of grey speck disease seems to have been made in 
Holland, where the trouble known as Dutch oat disease was attributed to the use 
of certain artificial manures In general, affected oats in the field are quite 

normal in the early stages of growth, but later the plants turn a pale-yellowish 
colour and soon develop small spots of a greenish-grey hue scattered over the 
leaves but with a tendency sometimes to collect towards the margins, thus giving 
a somewhat striped effect (Fig. 212). The weakened leaves soon droop and develop 
a crack at the fold, but while the tips of the blades may remain green and unspotted, 
the middle parts of the laminae are usually spotted all over. Further extensive 
work on the disease in South Australia <^5. 26)^ giving details of the early symptoms 
in the field, states that during young stages of growth affected crops can usually 
be recognised from a distance by their lighter green colour than that of the normal 
crop, with an admixture of brown due to the death of the older leaves, the actual 
effect being a weakening of the plants rather than that of killing them outright. 
In Wales the trouble was found to break out in comparatively small areas during 
the growing season, affected plants, stunted and yellowish, forming conspicuous 
bleached patches in the young crop. In this area the first symptoms appeared 
when the seedlings were from 4 to 8 inches high, and occurred, not on the first 
seedling leaf, which remained green, but on the succeeding leaves, which developed 
a yellow-green colour. In Western Australia it was noticed that the first leaf to 
become spotted was the third, followed by the second and the fourth, and then the 
first and the fifth, and after that in the order of their appearance Affected 



Fig, 212. — Grey leaf, or grey speck of oats. A, on a young plant. B, on older leaves 

(photos by McKay) 
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spots have a light-pinkish tinge at first but soon turn grey at the centre, at the same 
time developing a purplish margin, but the latter is not always present ; the spots 
may sometimes join together to form long streaks in between the veins, or may 
extend from margin to margin right across the middle part of the lamina in the 
form of a greyish-coloured band, while the parts at the top and base of the leaf 
remain green, but the whole leaf eventually turns grey and dies ^7)^ 

Grey speck of oats has long been knowii to occur chiefly on certain types of 
alkaline soils and the application of a corrective, in the form of manganese 
sulphate, to the soil was first made in 1914, and carefully controlled water-culture 
experiments from which the minutest traces of manganese had been removed 
have shown that in the absence of this mineral the experimental plants repeated 
in every detail the characteristic symptoms of grey speck in the field 26)^ 

The absence of visible symptoms of the trouble during the early stages of 
growth is presumably due to a certain amount of manganese stored in the seed, 
this being sufficient to provide for the healthy appearance, at least, of the first 
one or two leaves of the seedling. But when this store is exhausted the future 
well-being of the plant will depend on the availability of manganese compounds 
in the soil. It is noteworthy that oats, in comparison with other cereals and with 
many other plants, demands a fairly high proportion of manganese. Thus, the 
comparative demands for manganese as shown by the relative dry weights of a 
number of plants, at the end of a series of water-culture experiments in which 
manganese sulphate was supplied at the rate of one part per million, were, for oats 
185, wheat 150, barley loi, rye 86, broad beans 87, and peas 46 grams. In a 
solution of one part in ten million no grey speck symptoms appeared, and to satisfy 
the needs of an average oat plant it is calculated that about one part of manganese 
in from one to five million parts of solution is the optimum for growth in water 
cultures, one or two changes being made during growth until the plants reach 
fruition 

Several theories have been advanced to explain the conditions under which 
manganese in the soil is rendered unavailable to the plant and to account for the 
characteristic symptoms of grey speck disease. While some assert that the trouble 
is due to a disproportionate quantity of lime in the soil as compared with other 
minerals, thus upsetting the balance of the mineral content and resulting in an 
abnormal absorption of certain salts 3 , 19, 20)^ others maintain that an excess of 
calcium ions does not necessarily render the manganese unavailable if the latter 
is present in the soluble and highly ionised form of sulphate 26)^ Another view 
of the problem is based on the capacity of the roots to absorb the mineral, in rela- 
tion to the activity of certain bacterial organisms in the soil In a soil 

deficient in manganese it is stated that the roots of the oat plant develop badly, 
soon becoming decayed at the root tips, and under such conditions are rendered 
highly susceptible to bacterial infection. It would thus appear that a relationship 
exists between the resistance of the host and the manganese content of the soil. 
Moreover, a poorly developed rooting system, with a number of decaying roots 
and early destruction of root hairs, is one of the most striking features of serious 
manganese deficiency. It is interesting to note that on a piece of ground where a 
fire had been made (as by burning a pile of bracken) oat plants grown on the burnt 
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area grew perfectly healthy even though the surrounding crop was badly diseased. 
But the good effects of the burning did not last long, the probable explanation 
being that the temporary benefit was due to the killing of the harmful bacteria 
in the burnt patch ; the effect was not permanent, because the organisms from the 
surrounding soil would in a short time repopulate the area and the good effects 
would pass off. Whether such sterilisation of the soil reduced the amount of 
disease by destroying the bacteria, or whether it had an indirect effect in releasing 
more manganese from the soil, is not clear, for the application of a germicide, such 
as formalin, to the soil in some cases 26) j^ot check the trouble, whereas in 
other cases satisfactory results with this germicide were obtained provided 
its vaporising properties were not dissipated too soon 

In a series of water cultures, 3 weeks old, lacking in manganese, it was estimated 
that a mean population of 217,000 bacteria were found in the root tips ; this 
number was reduced to 44,500 when manganese was added ; in 9 weeks the bac- 
terial number in the former case had increased to 1,351,000, and in the latter to 
316,000. Harmful bacteria, by attacking an already weakened root system and 
by feeding on the decomposable material of the root tips, are enabled the more 
easily to convert nitrates to nitrites. Such conditions are favourable to an abundant 
synthesis of proteins in the root tips, and there follows an increased production 
of ammonia by micro-organisms. Actually, in a number of tests the ammonium 
content of a plant diseased through grey speck was found to be two or three times 
that of a normal plant. This increment is thought to be due not only to the 
ammonia produced as a result of bacterial activity in the diseased root tips, but 
partly also to the breaking down of elaborated contents in consequence of extreme 
carbohydrate hunger following upon enfeebled photosynthetic activity 
It is, indeed, asserted that the primary cause of the whole trouble of grey speck 
lies in the shortage of sugar in the leaves, the effect being an immediate lowering 
of the resistance of the plant The action of the mineral, moreover, is stated 
to be that of a stimulant or a catalyst having an indirect effect on the photosynthetic 
activities of the plant *5). 

It is well known that the quantity of oxidases in the roots is increased in the 
presence of manganese, the effect being most evident in the early stages of growth ^ 4 ). 
Unaware of the possible role of soil organisms in relation to grey speck disease, 
some observers found that the incidence of the trouble generally coincided with 
the presence of the nitrite ion in the roots, and perhaps also in the leaves, the 
application of manganese, by increasing the quantity of oxidases in the roots, having 
the effect of decreasing the nitrite content 

The presence of ammonia in the plant, by affecting the reaction of the cell 
sap, is believed to account for the symptoms of grey speck in the leaves. Appar- 
ently the transference of alkaline products by the sap causes a necrosis of the cells 
between the veins, extending at first nearly to the top and to the base of the leaf, 
and finally ending in the death of the leaf 

While there is general agreement that grey speck is aggravated on alkaline 
soils, frequently with high organic content, not all such soils produce the full 
s3nmptoms of the disease. The amount of exchangeable or soluble manganese 
(‘ manganese value *)*in the soil is regulated by the reaction of the soil; this 
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‘ value ’ is not only influenced by the conditions of oxidation and reduction but 
increases as the pH of the soil decreases The application of acid fertilisers 
is a well-known treatment in the control of manganese deficiency, but it is by no 
means clear how soil reaction influences the availability of manganese compounds. 
It is suggested that the beneficial action of acid fertilisers may not be due so much 
to a change of the pH value as to the fact that, at the lower values of soil reaction, 
insoluble manganese compounds such as manganic oxides are reduced to soluble 
forms by the interaction of certain micro-organisms It is further stated that 
the precipitation of insoluble manganic substances in the soil is brought about by 
specific micro-organisms, between pH limits of 6*5 and 7*8, and these limits appear 
to coincide with values obtained in the field where grey speck is more frequent 
It is clear that grey speck disease of oats is not to be attributed to manganese 
deficiency alone, and that it must be considered in relation to the activities of 
certain bacteria in the soil. Some bacteria appear to have the property of pre- 
cipitating manganese, thus rendering the mineral unavailable to the plant roots, 
and the debilitated roots, in turn, are probably attacked by another set of harmful 
bacteria. Experiments with cultures have established that with a minimum 
manganese content of from 5 to 35 parts per million, the plants remain healthy 
provided the roots are kept sterile, but when a sterile culture is infected with a 
few diseased root tips or with a mixed culture of bacteria isolated from them, the 
symptoms of grey speck soon appear Furthermore, in mixed bacterial cultures, 
containing manganese sulphate, some of the bacterial colonies were found to con- 
tain manganic oxides presumably precipitated by the appropriate organisms, but 
as soon as the reaction of the medium became more acid these substances were 
dissolved, possibly by the metabolic products of other organisms in the mixed 
cultures. 

Good control of grey speck on oats in Wales was obtained with a dressing of 
3*3 oz. of manganese sulphate in 2 gallons of water, applied with a watering-can 
3 days before sowing, and the operation repeated 10 days after sowing ; in respect 
of the total weight of the harvest, an improvement of 50 per cent, was obtained in 
the weight of both straw and grain Again, in heavy fallow soils, potassium 
nitrate or manganese sulphate at the rate of 100 to 200 kg. is also recommended 
In a series of trials in Yorkshire, however, a similar treatment gave very dis- 
appointing results. While the sulphate did confer some improvement, the bene- 
ficial effects were not sustained, and it did not produce a cure, the explanation 
being that here, again, manganese-precipitating bacteria were in evidence, rendering 
the soluble sulphate unavailable to the plant In view of the findings in Wales 
that there are varying degrees of susceptibility to grey speck among certain oat 
varieties, it is suggested that the disconcerting results with the mineral treatment 
in the Yorkshire soils may be connected with the choice of more or less susceptible 
varieties of the host plant. In Ontario, again, in some years no benefit was found 
to follow upon the application of manganese sulphate to heavy soils, either with 
or without sulphur, though in some seasons this treatment appeared to give some 
measure of control Others state that none of the various soil treatments gives 
any permanent control against manganese deficiency 

But little appears to be known as to the value and practicability of the so-called 
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' injection ’ methods for the mitigation of mineral deficiency diseases in relation 
to those affecting cereals. It is pointed out ^24) that the function of most, if not 
all, of the elements are quite specific in their effects, and that one element cannot 
replace another. This has also been discovered in the case of grey speck, and none 
of the rare elements nor any combination of zinc, copper, boron, or aluminium 
was able to replace manganese 

Trials in Wales showed Scotch Potato oats to be resistant to grey speck, 
and the varieties Radnorshire Sprig and Ceirch du bach highly resistant ; moder- 
ately susceptible varieties were Victory, Record, Black Tartar, and Golden Rain II, 
while the variety Orion was very susceptible. In a series of trials in Yorkshire 
in 1932, the variety Golden Rain showed marked susceptibility, and Record, Mar- 
vellous, and Supreme some measure of resistance to grey speck disease In 

Dublin in 1942 the varieties Potato (Ardee) and A vena strigosa proved to be 
virtually immune, while Glasnevin Success 10, Victor II, Ardri, Sonas Potato 7, 
and Star sustained moderate damage 
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Loose Smut of Barley^ Ustilago nuda (Jens.) Rostr. 


Loose smut is an important disease of barley in the United States and Canada 
(7, 9, 10, 15)^ but is not common in Britain, where losses from it are not so great as 
from the covered smut (U. hordei) described below. It resembles the loose 
smut of wheat (U. tritici) in all important respects. 

In the field, barley plants affected with loose smut may be distinguished from 
those with covered smut by the earlier extrusion of the smutted heads, which, 
moreover, are carried up higher out of the leaf-sheath than the heads of healthy 
plants (Fig. 213). Heads affected with covered smut not only appear several days 
after those of loose smut but they are behind the healthy heads as well, in compari- 
son with which they are also shorter 

The spore masses of Ustilago nuda^ the fungus of loose smut, are not retained 
within the silvery membranes of the grain as are those of covered smut, but are 
set free at maturity as soon as the covering is broken, and after dispersal by wind 
nothing remains of the ear but the bare stalk. 

Early symptoms of loose smut, before 



the spikes appear, may sometimes be de- 
tected by a discoloration of the leaves, 
which is yellowish-green to yellow on winter 
barley, but ochre to brownish on summer 
barley ; and the awns are poorly developed 
if not entirely destroyed 

The spores of U. nuda are olive-brown, paler 
on one side than the other, finely echinulate, and 
almost spherical, measuring from 5 to 9 /x in 
diameter. At the time of pollination they are 
blown to healthy barley flowers and germinate 
on the stigmas to produce four-celled basidia, 
which, however, do not form sporidia (Fig. 
214 b). Infection of the ovary follows on the 
same lines as described for U. tritici ^3, 16) 
(p. 368). There are numerous races of U. nuda ; 
as already mentioned (p. 368), it has been sug- 
gested that morphological differences between 
U, tritici and U. nuda are not sufficient to justify 
their separation into distinct species and that 
they should be considered merely as specialised 
varieties of a morphologic species, priority being 
given to U. tritici *7, 30) This species, like 

tritici y possesses haploid strains of different 
sex which exhibit cultural differences ; after 


Fig. 213. — Loose smut of barley (UsttU^o 
nuda) on the two plants on left. Covered 
smut of barley (Ustilago hordei) on the 
two plants on right (photos by Dillon 
Weston) 


pairing of compatible strains a dikaryotic 
mycelium becomes established which in some 
cases has been seen to differ in certain features 
from those presented by either of thehaplonts^^^ 
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The optimum temperature for the 
germination of the spores is between 
20® and 22° C. As for wheat smut, 
the amount of infection produced by 
loose smut of barley becomes greatly 
reduced during periods of low atmo- 
spheric humidities at flowering time. 

But a low rather than a moderate de- 
gree of soil-moisture encourages the 
development of this disease within the 
plant Infection does not appear 
to be greatly influenced by any differ- 
ences in the composition of the soil, 
and though more smutted barley may 
be found sometimes on acid than on basic soils, this does not occur in all cases 

Seed barley suspected of disease should have the same hot-water treatment as pre- 
scribed for loose smut of wheat (p. 371). But as barley is more sensitive to heat than the 
other cereals, the temperature of the water should not exceed 126° F., the grain being 
allowed to steep for 15 minutes, after which it is taken out to dry and sown as soon 
as possible. 


Fig. 214 . — Ustilago hordei. A, germination of the 
spores, forming promycelia and sporidia ( x 230). 
By Ustilago nudoy showing spore germination with- 
out formation of sporidia ( x 230) (after Brefeld) 


Covered Smut of Barley, Ustilago hordei (Pers.) Lagerh. 

As above stated, covered smut of barley is more important in Britain than the 
loose smut. In the United States the average loss through this disease is estimated 
at z\ million bushels of barley annually and in some years has exceeded twice this 
amount 

Covered smut does not become evident in the field until the ear is formed, and 
affected ears may emerge about the same time as healthy ears but remain shorter, 
and are usually retained within the sheath for a longer time before appearing, or 
may sometimes fail to emerge at all (Fig. 213). Unlike the loose smut of the same 
host, the black spore masses of this smut are held together more or less firmly by 
the persistent membranes of the grain and the basal parts of the glumes ; the awns 
also remain intact, though they may sometimes be found partly withered. The 
spore masses are said to be held together by a deposit of fat, a feature which renders 
the smutted grain difficult to treat for control by seed immersion, until the fat is 
removed 

Covered smut of barley is caused by Ustilago hordei^ of which several physiologic 
races exist \ Apparently only a few of these races have a wide geographical distri- 
bution s ). Some varieties of barley are resistant to some of these races, thus, Hor- 
deum deficiens and H, intermedium and a strain of the variety Pannier were found to 
be highly resistant to, or immune from, numerous races of the pathogen <^6)^ 

The spores are round to ellipsoid, 6 to 9, or sometimes up to 1 1 /x, in diameter ; they 
are brown (black in the mass), lighter on one side than the other, and quite smooth. They 
differ in their mode of germination from the spores of Z 7 . nuduy by the septated basidium 
giving rise to sporidia which develop near the septa ^Fig. 214 a). The sporidia are 
uninucleate and, by budding, form fresh spores which develop an extensively branched 
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mycelium ; intersporidial anastomoses have also been observed, the nucleus passing 
from one sporidium to the other ^32). Such fusions, as well as mycelial anastomoses, are, 
no doubt, devices to secure a dikaryotic mycelium prior to infection . Growth temperatures 
of U. hordei were determined in Germany to be 5° to 6° C. minimum, 20° C. optimum, 
and 34° to 35° C. maximum ; differences of light intensity had no influence on the 
development of the fungus 

Owing to the strong retention of the spores within the diseased grains, it is 
improbable that many spores manage to work loose and so become scattered by 
wind or other agency as in the case of loose smut, and accordingly blossom infection 
is not believed to take place here. For removal from the heads, the smut-masses 
must await the harvest, when smutted and healthy grain are gathered together. 
During threshing, as in bunt of wheat, the smutted grains are broken up, and so 
the healthy grain becomes contaminated by contact with the spores set free ; 
loosened spores and broken smut grains left in sacks or thresher also serve to taint 
fresh stocks of hitherto clean barley. 

The disease starts anew with the sowing of contaminated grain. Infection is 
systemic and follows on the same lines as those already described for oat smut or 
bunt of wheat The degree of infection of the germinating seedling is dependent 
on the depth of sowing, and on the amount of moisture in the soil. Since the 
seedling is attacked before emergence, a deeper rather than a shallow planting 
lengthens the period of susceptibility ; a case is recorded where the proportion of 
disease was 2*i to 44*5, and another of 27 to 115 times as much, when barley was 
planted shallow, at | inch depth, and deep, at 3 inches, respectively As soon 
as the seed begins to germinate, first pushing out the coleorhiza and root, and then 
the coleoptile, infection is only possible for a comparatively brief period during 
which the coleoptile must remain unsplit, for once it has developed so far as to 
allow the first green leaf to protrude, the chances of penetration are practically 
over. Accordingly, the longer the coleoptile remains in the soil, by deeper 
planting, the longer is leaf emergence deferred, and so the period of infectivity is 
correspondingly increased. Here apparently dies a practical means for reducing 
the risk of infection, for with the control of the soil water-level by irrigation, 
germination of the seed by shallow planting in a wet soil enables the plant by virtue 
of rapid growth to ‘ escape ’ infection, and after the susceptible period is safely 
passed, a return to drier conditions oflFers no further risk to infection. (In Egypt, 
the ‘ mud-sowing ’ method is so effective against another disease, the ‘ fliag smut ' 
of wheat (it does not occur in Britain), that it is reckoned to be a much better method 
of checking that disease than any method of seed treatment by disinfectants 
The usual treatment for the control of covered smut of barley is the same as that 
recommended for the control of bunt of wheat or smut of oats ; but if loose smut 
is also present in the crop the hot water treatment may be necessary as well. In 
Virginia, steeping the grain in i in 320 formaldehyde or 0-25 per cent, germisan 
or tillantin gave good control ^2). 

A type of barley smut showing symptoms somewhat intermediate in character between 
the loose and covered kinds is fairly well distributed in the United States, and is caused by 
Ustilago nigra So far, it has not been recognised in Britain. Though the 

symptoms shown by the emergent ears resemble mostly those of loose smut, yet all 
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variations may be found in the ears affected by U. nigra^ from stages where the protective 
membrane is more or less intact, as in the covered smut, to others where it is loose or 
practically absent, as in the typical loose smut. Infected ears containing the spores of 
V, nigra appear later than those affected with loose smut and last longer, and like the 
latter the spores, can be carried to the flowers ^^3). The outstanding differences are in the 
colour, which is a deep chocolate-brown, and size of the spores ; the spore dimensions 
are 6*5 to 7 />i in diameter, as against 5-5 to 6 /it for V. nuda. Like those of U. hordei the 
septated basidia of IJ. nigra produce sporidia, and can also cause seedling infection when 
its spores are placed in contact with the grain. Experiments at Wisconsin showed 
that infection by U. nigra was not favoured in wet soils, especially at extremes of tempera- 
tures of 5” and 36° C. ; a dry soil produced infection at 5°, but between these extremes 
differences in soil moisture from 30 to 55 per cent, saturation did not appear to affect the 
incidence of disease. It is noteworthy that from an examination of smuts collected near 
Geneva, New York, and from other parts of the United States and Canada, in addition 
to the typical smut fungi of barley, IJ. nuda and U. hordei^ five intermediate types were 
found which showed characters common to both these fungi ; amongst them were what 
appeared to be IJ, nigra and another species IL medians but it is not clear whether 
one or both of these forms should be considered as hybrids of the typical smuts or 
separate species 

In Virginia covered smut (IL hordei) and black loose smut {U. nigra) were con 
trolled by treating the seed with ceresan applied at rate of \ oz. per bushel of seed. 
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Brown Rust of Barley, Puccinia anomala Rostr. 

Barley, like wheat, is attacked by stem rust (P. graminis) and yellow rust 
(P. glumarum)y but has its own brown rust (also called leaf, or dwarf, rust) caused by 
Puccinia anomala ( = P. simplex)^ which also attacks a few grasses related to barley 
Barley is subject to this rust throughout its entire growing period but is attacked 
chiefly towards the heading stage. 


The uredosori (Fig. 215 a) are small, lemon-yellow in colour, and irregularly scattered 
on both surfaces of the leaves. Uredospores are round or ellipsoid, yellow, 19 to 22 ^ in 
diameter when round, or 22 to 27 by 15 to 20 fi when elongated ; the wall is rather thick, 
spiny, and is furnished with numerous germ-pores. 

The teleutosori (Fig. 215 b) are scattered as small black crusts on the leaves but are 
somewhat more elongated on the sheaths and stem. The sori are often confluent and 
remain covered by the epidermis for a long time. The teleutospores are oblong-clavate 
or pear-shaped, the apex rounded, flattened, or drawn to one side ; the spore wall is 
thick and usually broader near the apex than lower down. Unicellular (mesospores) and 
typical bicellular spores may occur in the same sorus. The spores are chestnut brown in 




Fig. 215. — Brown rust of barley {Puccinia 
anomala). portion of uredosorus. of 
teleutosorus ; note the tall paraphyses, the 
one-celled mesopores, and the epidermis 
intact ( X 520) (after Butler, Fungi and Dis- 
ease in Plants) 


colour, smooth-walled, 25 to 54 by 15 to 
24 /X in diameter, the single-celled spores 
being the smallest ; the stalk is short and 
brownish. The sorus is divided into com- 
partments by clusters of brown paraphyses 
which spread out and become flattened 
under the epidermis. These and the single- 
celled mesospores enable the species to be 
readily identified. 

Brown rust of barley is heteroecious. 
The aecidial stage has been discovered on 
Ornithogalum umhellatum (‘ Star of 

Bethlehem '), but not in Britain. On leaves 
of O. pyrenaicum^ however, spermagonia 
and aecidiaof a rust were found in Wiltshire, 
and inoculations on barley seedlings pro- 
duced uredosori in 9 days ^ This 
host may therefore initiate local outbreaks 
of brown rust and provide for hybridisation 
between known races of the barley rust 
and for the production of new ones 
The aecidia are round, yellow, about 200/x 
in diameter, and furnished with a peridium ; 
spermagonia are found on the leaf at 
points opposite to the aecidia ; aecidiospores 
are sub-globose, 25 to 30 by 23 to 29 /x, 
with ,a finely warted surface. 

At least 30 physiologic races of 
P. anomala are known. Some of these 
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races, e.g. race ' 12 \ are said to attack all the differential hosts, while others, e.g. 
race ‘ 17 are reported to be only feebly pathogenic, and other races, again, are 
more or less localised in their distribution 

In England and Portugal ^^-s) the rust is capable of surviving the winter in the 
form of uredospores, and the recent discovery of a new alternate host in April in 
southern England is also significant The uredospores are unable to withstand 
high summer temperatures, though different physiologic races of the rust probably 
behave differently in this respect. In general, the most suitable conditions for the 
germination of the uredospores are a relatively high atmospheric humidity, of 
72*5 to 100 per cent. \ and a temperature of 16 ' C. Infection by uredospores 
is stomatal and is preceded by the formation of apprcssoria over or close to the 
stomatal apertures ; haustoria are developed by the mycelium (Figs. 103, 104). 
In certain parts of Portugal, during the hot months, no barley leaves or tiller shoots 
can withstand the long drought, but at higher altitudes numerous plants are often 
found to carry uredo pustules. The rust is also capable of passing through the 
summer successfully in localised cool, sheltered places on edges of woodlands, and 
at sea-level near brooks and creeks in shady places. From such localities the uredo- 
spores are probably carried by wind to the plains in central Portugal where most 
of the winter cereals in that country are cultivated \ 

Tests carried out in Germany in 1937 showed that most varieties of barley 
were susceptible to this rust In Australia, however, numerous varieties of 

Hordeum vidgare proved to be highly resistant though unsuitable to local conditions 
in New South Wales 
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Leaf Stripe of Barley, Pyrenophora graminea Ito & Kuribay 
( = Helminthosporium gramineum Rabenh.) 

‘ Leaf stripe ’ is an important and widely distributed disease of barley. It 
occurs almost exclusively on wild and cultivated barley, but has recently been 
observed, in Italy, on wheat and oats and, in South Africa, maize appears to be 
susceptible 

The disease is carried by the seed. On young seedlings in the field it begins 
with the appearance of pallid spots which, at first, are very difficult to detect as 
the spots are more or less concealed by the leaf sheaths. The symptoms are more 
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evident as the plants approach 
maturity, and when once a 
leaf is attacked, usually all the 
succeeding leaves, in turn, 
become affected, and exten- 
sive damage is done to both 
leaf sheath and blade (Fig. 
216). Tillers which arise from 
a diseased shoot may escape 
infection altogether or be killed 
almost at their inception in 
the axil of the diseased leaves 
from which they contract in- 
fection, or they may persist in 
a more or less diseased condi- 
tion. With continued growth, 
the symptoms on the older 
leaves take the form of long, 
yellow stripes, one to seven in 
number on each leaf. These 
stripes soon extend to form 
long, parallel streaks which 
may be continuous or inter- 
mittent, from leaf tip to base 
(Figs. 217 to 219). As de- 
velopment proceeds the stripes 
turn brown, though in some 
localities they may retain the 
yellow colour, and the whole leaf gradually dries up. Old lesions usually have a 
brown margin with a straw-coloured centre along which the spore clusters of the 
causal fungus appear as greyish-black spots. 

The effect on the plant is considerable. The leaves often split or shred, hang 
limply and wither early, and growth is checked so that the plant is often only half 
the normal size. The development of the ears is greatly influenced by the disease, 
and three types may be distinguished. In the first the ear may emerge entirely 
from the sheath, the grains are present but are not filled, the awns and glumes 
are limp and darker in colour than the normal ; in the second type the ear is 
arrested in its development, the top internode of the axis ceasing to grow before 
the ear is completely out of the sheath, the awns may emerge but are twisted and 
bent, and even when formed the grain does not mature properly, but remains small 
and soft ; the third type is the most common, and in this there is complete absence 
of visible ears, which do not emerge from the sheath at all 3?)^ 

Leaf stripe of barley is caused by an Ascomycete, Pyrenophora graminea 
(previously believed to be Pleospora graminea s, 38))^ the perithecia of which, 
discovered in 1930, are rare and, so far, have not been found in Britain The 
parasite was first described in 1856, in Germany, and is more familiar as Helmintho^ 



Fig. 216. — Leaf stripe of barley. Pyrenophora graminea 
{Helminthosporium gramineum). On leaves and seed- 
lings of barley (photos by Dillon Weston) 
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Fig. 217. — Leaf stripe of barley. A, B, the leaf-stripe effect on leaf sheath and basal part of 
lamina. C, conidium. Z), median section of part of a young barley plant showing the growing 
region of stem and ear enclosed in the leaf sheaths ; the nodes are indicated by light shading. 
B, ear receiving an external application of hyphae from the region N.B in the innermost leaf, 
long before the mycelium in the stem, as at /?, has worked its way up from the core to damage 
the ear. A, node. R, internode, with mycelium (after Smith, Ann, App. Biol.) 


sporium gramineum, the conidial stage. The fungus also forms sclerotia and 
pycnidia, but the latter are not common on barley in the field ; little is known of 
the functions of the pycnidia, but they are reported to be very similar to those 
described in the related species H, teres which causes ‘ net blotch ^ disease of the 
same host (p. 443) <^5). The natural mycelium of H, gramineum, such as is present 
on the infected grain (this mycelium is an important source for the over- wintering 
of the organism) consists of thick-walled, septated hyphae, of barrel-shaped cells, 
yellow to brownish in colour and very variable in cell dimensions ; the hyphae 
are so closely interwoven as to resemble mycelial clumps which later, by further 
thickening of the cell walls, become highly resistant, and form a resting mycelium 
on the surface of the grain after harvest ; the same kind of mycelium may be seen 
in culture when the medium is drying up. These resistant clumps are of the nature 
of sclerotia, and they are but a stage removed from the natural sclerotia which 
form pear-shaped bodies on the surface of, and sometimes within, the barley 
grain ^^2, 38) . sclerotia have also been produced in pure culture, at pH 5-8, on a 
plum-agar medium 
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The conidia (Fig. 217 c) are developed on light-brown conidiophores which are found 
in great profusion on lesions on the foliage and glumes ; the conidiophores arise in clusters 
of two to six, fascicles of three to five being common (the conidiophores of H. teres, and 
H. sativum, described in the succeeding sections rarely number more than three in a 
fascicle). The conidia are sub-hyaline when newly formed, turning yellow-brown at 
maturity, but never become dark-olivaceous like those of H. sativum. In shape they are 
sub-cylindrical, straight or slightly curved, widest at the base and tapering bluntly towards 
the apex, thin-walled, and septated from i to 7 cells which do not show constrictions at 
the septa, as do the conidia of H. teres The conidia measure from 50 to 125 by 14 to 
22*5 fx, but there are wide dilferences in dimensions and number of septa shown by 
conidia from different races of this species ; on an average they are 3- or 4-septate 
Germ-tubes may emerge from any or all of the cells of a conidium, and fusion of germ- 
tubes or of hyphal cells is frequent ^2. jo) • ^his phenomenon of fusion may possibly 
account, at least in part, for the production, by hybridisation or mutation, of the very 
numerous physiologic races of this organism. 

Perithecia are rarely found in nature ; they were obsen^ed in 1922, in California, on 
two-year-old straw of barley, and have also been produced from sclerotia in culture 
and on the glumes of germinated grains of barley The perithecia are sub-epidermal 
at first, later erumpent, globose when young, subsequently flask-shaped or conical with 
the formation of a short, cylindrical, ostiolar beak ; the wall is blackish-brown, thick, and 
often beset with long setae intermixed with defunct conidiophores ; perithecia vary from 
350 to 380 /X in height, and from 450 to 800 /x in widest diameter ; the fasciculate, long- 
clavate, hyaline asci measure from 225 to 425 by 32 to 50 /x, and contain i to 8 (mostly 
4 or 8) yellowish-brown, ellipsoid ascospores which are furnished with one or two vertical 
septa in the median cells ; they are markedly contracted at the septa ; ascospores measure 
from 45 to 75 by 20 to 35 (x Black, sclerotial bodies resembling perithecia have been 
reported to occur on barley stubble in the autumn and observed to produce perithecia 
with viable ascospores in the spring but others have not found the sclerotia to develop 
any further The ascospores are reported not to play any part in the transmission 

of the disease ^32, which appears to take place solely by the planting of infected grain. 
Secondary infections by means of conidia, carried by wind or otherwise, to the foliage and 
to the head at flowering time or later, are not believed to play any important part in the 
spread of the disease in the field, but upon this point further information is desirable. 

The fungus is carried on the outside of, and within the grain, and infection 
takes place when the seed germinates. The mycelium, which is usually found 
between the pericarp and the coat of the seed, can remain viable for two years or 
more, and under moist conditions in the soil may produce conidia and fresh 
hyphae. Penetrations take place through the coleoptile, or the coleorhiza, or the 
root itself. The path which the fungus takes within the growing seedling has been 
described as being systemic 23, 24, 36)^ in the smuts, but later and more 
detailed studies 32, 34) describe an entirely different route (Figs. 217, 218 a) in 
the method of infection of leaves and ear. Whether infection is systemic or not, 
penetrations take place chiefly through the coleoptile. The more recent interpreta- 
tion of the mode of infection is that the fungus, having made a certain amount of 
upward and downward growth within the coleoptile, breaks through at the inner 
surface of this sheath to penetrate the first leaf, or more correctly, its sheathing 
base which is in close contact with the inner face of the coleoptile. The fungus, 
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now in the sheathing base of the first leaf, travels across it and breaks through at 
the inner surface to penetrate and infect the second leaf in contact with it. This 
process of penetration from outer leaf to inner leaf goes on for all the leaves in 
turn, and though the plant is gradually extending itself by growth, the young ear 
itself is also penetrated from the leaf next to it, in the same way. Infection may 
also pass into the internodes of the stem. During these successive penetrations 
the ear is still retained within, in more or less close contact with, its own protective 
sheath, and surrounded by the telescoping system of the older leaves or leaf 
sheaths, one within the other. It follows that, as the first leaf (infected as it is 
from the coleoptile) is pushed out during its growth from the base, it will show the 
presence of the fungus in one or more stripes. The latter, at this early stage are 
somewhat pale and translucent, and are described as the ‘ pale-stripe ^ phase of 
infection. With continued emergence of the first leaf and fresh penetrations into 
it by the fungus from the coleoptile, the infected parts become more and more 
visible as longitudinal stripes corresponding to the number of penetrations made 
from the coleoptile (Fig. 218 a). Thus, by upward growth, each leaf in turn will 
brush a vertical strip of epidermis against the externally applied mycelium^ and so 
penetration, followed by infection, proceeds across from one leaf to the next. 
The young ear in its turn receives an ‘ external application ’ of hyphae from the 
uppermost leaf and, after penetrating the glumes, the hyphae reach their final 
destination at the surface of the ovary. Sometimes penetration may go deeper 
than the pericarp but hardly ever beyond the testa of the seed. It is significant 
that when the mature ears are examined the diseased areas on the glumes occur 
precisely at those parts which were in contact with the diseased portions of the 
enwrapping sheath, and not at any parts on the inner surface of the glumes close 
to the embryo, which would have been the case had infection reached the glumes 
from within, that is, in true systemic manner. It is noteworthy that this infection 
takes place at a time long before any mycelium in the interior of the stem may 
have worked its way up to damage the ear, as in systemic infection in the smuts 
Depending on the severity of the attack, the ears may escape entirely, or be 
heavily infected and die, or they may tolerate the fungus in greater or lesser degree. 
According as conditions of the environment favour the rapid development of the 
host, the disease may stop producing stripes on the leaves and the rest of the plant 
may grow away from the fungus and the ear may escape completely. Otherwise 
with the continued production of stripe lesions and infected ears, conidia are pro- 
duced on them in abundance in the field, and these conidia might well be con- 
sidered as being responsible for spreading infection by wind to the leaves and 
flowers of healthy plants in the crop. But such * secondary infections as men- 
tioned above, are not reported to be of ordinary occurrence in this disease, and 
although conidia may also be conveyed to both diseased and healthy grain during 
harvesting and threshing, there appears to be little certainty of infection from this 
source In respect of the divergent views relative to the path pursued by the 
fungus during infection, whether typically ‘ systemic or as outlined above, by 
* external application ^ it is not improbable that both methods obtain, in view of 
the fact that H. grandneum connotes so many races which differ so extensively in 
their degrees of parasitism and pathogenicity ^^9), 
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Little appears to be known about the possibility of seedling infection starting 
direct from the soil, but since the fungus is capable of forming very resistant 
mycelium on the glumes, as well as sclerotia, it is not improbable that these forms 
of the fungus may be found suitable for over-wintering in the soil in the same way 
as it is known to live for long periods on stored grain. 

In relation to the eifects of the environment on the incidence of leaf-stripe 
disease, it was found that when temperatures of the air and soil were kept constant, 
several types of stripe reaction developed under the influence of diflFerent methods 
of inoculation, different isolates of the fungus, and different host varieties 
At low temperatures the proportion of diseased plants was perceptibly increased, 
and a dry condition of the soil — less than 20 per cent, saturation — during the 
period of emergence favoured the disease as compared with very wet soil. In 
general, the highest incidence of disease occurred at lower temperatures of 12° to 
16° C., but under these conditions the symptoms were later in appearing than at 
higher temperatures of 20° to 24° C. ; changes of temperature in the early stages 
of germination from low to high or from high to low, had the effect in the former 
instance of stimulating the appearance of the symptoms and in the latter of retarding 
it In Minnesota early sown barley is usually more liable to infection than 
the late sown, and the critical period for infection appears to be incident during 
and immediately after germination, hence the comparative high resistance of 
barley in warm regions and the severity of the disease in cooler climates. 

As leaf stripe of barley is a seed-borne disease, the best method of control is 
by seed disinfection. The well-known hot-water treatment already mentioned in 
the control of smut disease has also given good results here, as have also formalin 
and organo -mercuric applications Winter-sown barley in Britain 

is especially liable to attack, and special care in the disinfection of the seed is 
essential 

Profound differences in pathogenicity between the numerous races of H. gra- 
mineum render breeding of barley for resistance and immunity very difficult 
28, 40)^ Extensive studies in the United States have shown that, in general, the 
varieties Svansota, Manchuria, Minsturdi, Peatland, and Velvet were the most 
susceptible, while Lion, Glabron, Wisconsin ‘ 38 \ were moderately resistant, and 
Black Hull-less, Spartan, and Trebi were the most resistant of those tested ^5, 27)^ 

Since the disease is practically confined to barley, the usual rotations may be 
practised, and the occurrence of the fungus on wheat and oats is exceptional ; 
in South Africa, in place of maize in the rotation, the planting of legumes is 
recommended *7), 
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Foot Rot of Barley, Ophiobolus sativus Ito & Kuribay 
Helmmthosporium sativum) Pamm., King & Bakke 

‘ Foot rot ’ or ‘ Helminthosporium disease ’ of barley also attacks wheat and 
rye, but oats and maize are reported to be immune from it except in isolated 
cases It is known to attack an unusually large number of weed and 

pasture grasses collected from different genera ; some of these include species 
of Agropyroriy Bromus, FestucUy Hordeumy and LoliuMy all of which are highly sus- 
ceptible and may quite possibly serve as carriers of infection in the field 

This disease is of relatively little importance in Europe and there are but few 
records of its occurrence in Britain <20, 23)^ It is very widespread, however, in the 
western hemisphere, and is a serious trouble of barley and wheat in the United 
States, Canada, the Argentine, and Mexico <2. 6 , 8 , u). jn Australia, particularly 
in New South Wales, it is the most destructive of all diseases that cause foot rot 
of wheat It is prevalent, too, in South Africa, where in addition to the 

cereals mentioned it finds congenial hosts in the weed grasses Cynodon and Uroch- 
lea In Minnesota it is reported to be the principal cause of the premature 
death of wheat plants after heading 

All parts of the host plant, including the floral parts, are liable to be attacked. 
A discoloration present at the germ-end of wheat grain, a condition described as 
* black tip * or ‘ black point is now known to be due to the same fungus which 

p 
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causes this disease of barley (Other fungi believed to be associated with 
black-tip are Alternaria tenuis y A. peglionniy and Helminthosporium teres.) 

Initial infections start from infected seed or with the planting of clean seed in 
contaminated soil. The early appearance of the disease in the field resembles a 
seedling blight, like a damping-off, and the young plants may be destroyed soon 
after emergence. In lighter infections, however, seedlings may grow into mature 
plants, but these are often weak and spindly, and appear in the crop in more or 
less circular patches which may often be several feet in diameter, though dwarfed 

specimens may also be found intermixed with 



A 

B 


Fig. 218. — Comparison of the leaf 
symptoms of three Helminthosporium 
diseases of barley. Ay the leaf stripe 
disease (H, gramineum ) ; note the 
tendency for the stripes to be more 
conspicuous in the upper than in the 
lower parts of the leaf. By a coni- 
dium of same. C, a small portion of 
leaf affected with the ‘ net blotch ’ 
disease {H. teres ) ; note the netted 
appearance of the blotches, but this 
is not always evident. D, the leaf 
blotch, as at L, of H. sativunty with 
signs of foot rot at F (after Smith & 
Rattray, S. Africa J. Sci,) 


healthy plants The internodes and leaves 
of affected plants are considerably shorter 
than those of normal plants ; the primary 
roots are infected, and on the lower internodes 
of the stem chocolate-brown discoloured 
areas may be seen, with one or more large 
spots of the same hue on the blades of the 
first and second leaves which may also show 
a certain amount of curling. Unlike the ‘ take- 
all * disease of barley {Ophioholus graminis) 
there are, in this ‘ foot rot ' trouble, no 
mycelial mats or scales of mycelium between 
the leaf sheath and the culm in the browned 
basal parts of the shoot. Diseased seedlings 
which succeed in growing into mature plants 
usually have a poor rooting system, ears are 
poorly filled, and what seeds may be pro- 
duced are small and shrunken. Diseased 
plants have a tendency to develop far more 
tillers than healthy plants ; it is not infrequent 
to find as many as 30 to 40 tillers on an in- 
fected barley stool, but few of them develop, 
and the majority remain stunted ; in other 
cases young tillers may fail to emerge from 
the sheath owing to being crippled by early 
infection. Plants which attain the heading 
stage may lie prostrate on the ground and 
easily break off at the base owing to a diseased 
condition of the crown. 

The above symptoms may all result from 
primary infections. Unlike the stripe disease 
on the same host, secondary infections may 
come from various sources, practically all 
the diseased parts above ground, primarily 
affected, developing conidia. On the adult 
plants conidia may be found abundantly on 
the upper nodes, giving these parts a black, 
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velvety appearance, and secondary lesions may appear on any part of the host, 
chiefly on the leaves, glumes, and grain. The characteristic symptoms on the 
leaves consist of numerous dark-brown elongated spots of rather irregular outline 
and furnished with a light margin (Fig. 218 d) ; the spots vary in size from 3 to 
20 mm. or more, and may join together so that the entire lamina is often destroyed. 
In general, the disease affects barley and wheat in much the same way but the 
leaves are the parts most conspicuously affected in barley 

A brief account of this disease on barley was first published in 1909 and in the 
following year was attributed to the fungus Helmintnosponum sativum a new species, 
but it was not until 1914 that the same organism was found to be the cause of a similar 
disease on wheat in America The fungus is much more familiar under this, the name 
of its conidial stage, than that of the perfect ascigerous form called Ophioholus sativus 
produced in artificial culture On potato-glucose agar, at 25° C., the fungus grows 
freely to form a compact, velvety layer of black or olivaceous mycelium which soon 
becomes covered with a dense mass of short conidiophores, but the appearance of the 
cultures varies greatly according to the strain of fungus, type of medium, and its degree of 
dilution and saltations are much in evidence On the host the conidiophores 

emerge through the stomata, or quite as frequently, from between the epidermal cells, 
either singly or in small groups of 2 or 3 ; the conidiophores are brown, septate, and bulge 
out in knee-fashion just above the septa. In shape and dimensions the conidia are 
highly variable ; they are somewhat cylindrical or distinctly curved, an extreme limit in 
size being 134 by 30 /x and furnished with as many as 1 2 septa, one of minimum size being 
25 by 14 /i, the average range being from 60 to 120 by 15 to 30^11, and 3- to lo-septate 
conidia ; sometimes oblique instead of transverse septa and, in some cases, longitudinal 
partitions may be seen in addition to the transverse septa, giving such conidia a muriform 
appearance, but these types of spore are exceptional. Germination of conidia normally 
proceeds from the terminal cells only. While, in general, the conidia remain viable for 
long periods, perhaps a year their longevity appears to be closely related to their origin 
from particular races or strains of the fungus as well as to environmental conditions under 
which they were produced 

Apart from their undoubted relationship in the life-cycle of the organism, little is 
known about the natural occurrence of the perithecial fructifications and their possible 
role in infections. They are described as being erumpent, black-walled, globose or sub- 
globose, measuring from 370 to 530 by 340 to 470 /x, and furnished with ostiolar beaks ; 
asci are numerous, cylindric or fusiform, slightly stalked, with rounded apices and 
containing i to 8, mostly 4 to 8, filiform ascospores of a pale olive-green colour, with 6 to 
13 septa ; the spores measure from 160 to 360 by 6 to 9 /x, and are spirally coiled within 
the ascus. Cultures obtained from ascospores are recorded to have given conidia typical 
of H. sativum and, moreover, inoculations with such conidia have given positive results 

Numerous physiologic races of this fungus exist, some of which give rise to 
mutant forms which differ from the parents in morphology and pathogenicity 7)^ 
Certain races are also known to cause a greater amount of injury of the host at 
the seedling stage than to adult plants, while other races cause decidedly greater 
dwarfing of the mature plants of both wheat and barley ^5). The first recorded 
occurrence of this fungus in England, at Cambridge revealed the presence of 
two strains collected from wheat from widely different sources. Infection experi- 
ments carried out with these showed that wheat seedlings Little Joss ’) were 
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yellowed and distinctly checked in growth, and a browning at the base of the stem 
showed the characteristic foot-rot condition associated with this disease ; young 
seedlings which had early been killed showed the fungus within the coleoptile and 
in the tissues at the base of the young shoot. These particular races were only 
slightly infective to barley (‘ Spratt Archer ’), and had no effect on oats (‘ Abun- 
dance ') Infection of young seedlings, whether by mycelium or conidia in the 
soil, occurs in the usual way by penetration of the coleoptile, the fungus thereafter 
invading the tissues of the young leaf enclosed by the coleoptile 

There is a marked difference in the susceptibility to primary infection of young 
plants at different ages, and in the case of secondary infections the plants are more 
liable to infection after the heading stage ; spots on the stems with the character- 
istic blackening of the nodes are seldom seen before the plants have headed 
Heavy dew and rain, together with high temperatures, are greatly conducive to 
secondary infections on the foliage and ears, and there seems to be a distinct corre- 
lation between the amount of moisture in the air and the number of lesions on the 
leaves Seedling infections were found to occur within a wide range of soil 
temperatures, from 12° to 34"" C., and were more severe between 22 ^ to 30° C., 
but at the latter temperature lesions were usually checked ^5). In general, higher 
soil, temperatures are favourable to infection The organism thrives better in 
alkaline than acid soils, and the conidia can tolerate high degrees of alkalinity in 
culture ^5). Moreover, the disease appears to be greatly favoured on peat soils, 
particularly with deep drainage, which is believed to predispose the plants to 
infection 

The fungus survives in infected seed for several years, and hibernates in the 
field on straw and roots Barley grains naturally infected in the field have 
been found with mycelium in all the seed coverings and even in remains of the 
lodicules Over-wintered mycelium in the soil, and contaminated seed 

harbouring mycelium or conidia are believed to be mainly responsible for the 
primary outbreaks of foot-rot disease on seedlings. Conidia in the soil may also 
sometimes start the disease but their viability appears to be greatly dependent on 
ecological factors, and unless the soil is comparatively dry they do not survive 
for long In Canada, in 1931, the spores were very rare or absent in field 

soils, the fungus existing only as mycelium Secondary infections by wind- 
borne conidia are, as stated, widespread. 

Control of foot-rot disease by the treatment of seed with hot water, formalde- 
hyde, or organic mercury dips and dusts, give, at best, only partial protection, 
since the applications, being external are only destructive to any mycelium and 
spores on the surface of the grain, but seed treatment should, nevertheless, not be 
omitted. A consideration of the factor of soil-temperature indicates that sowing 
should be done when the soil is cool and at a time when cereal development is at 
its best in the matter of producing strong, vigorous roots In the observance 

of crop rotation, such non-susceptibles as oats, maize, clover, potatoes, root crops, 
etc., should be grown but with strict attention to the eradication, if possible, of 
carrier hosts — the wild grasses — for even if healthy seed is available for sowing 
in clean soil there is always the risk of infection from conidia carried by wind from 
these congenial grasses. With regard to manorial treatment and the use of fertilisers 
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in the control of foot rot, little information is available, except that seedling blight 
is materially reduced by repeated applications of superphosphates 

All varieties of wheat appear to be susceptible to this type of foot-rot, and 
even in cases where it is thought that good resistant varieties have been established, 
subsequent tests under different environment showed the most promising of them 
liable to break down In the breeding of varieties resistant to H. sativum more 
encouraging results have been obtained in barley than in wheat, and the varieties 
of the former which have proved to be more or less uniformly resistant include 
Velvet Comfort, Glabron, Vaughan, and Manchurian Barley 
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Net Blotch of Barley, Pyrenophora teres Drechsler 
{^Helminthosporium teres Sacc.) 

Net blotch disease of barley is frequently reported from various centres in 
Britain and is widely distributed in Canada and the United States 
In South Africa it is the commonest of all diseases of barley, 75 to 100 per cent, 
of the plants being attacked in some districts Similar reports are noted 
from Bavaria where the losses are considered to exceed those due to ‘ leaf stripe * 
{H, gramineum) disease of this host In India most varieties of barley are 

susceptible ; the disease is also common in the Argentine, and is reported 
in Manitoba to cause a discoloration of the seeds of both oats and wheat 

Though this disease is often very harmful to the foliage, which at times suffers 
severely from secondary infections, yet only in a few localities is it reported to be 
a serious disease of this host, and the general impression is that ‘ net blotch ' is 
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of relatively minor importance as compared with ‘ leaf stripe ' and ‘ foot rot ’ 
diseases of barley Net blotch is also commonly found on the wild barley- 

grass Hordeum tnurinum^ and as this plant may be found in practically all barley- 
growing areas it is believed to be a constant source of infection all the year round 
Symptoms of net blotch are not easily discernible in the earlier parts of the 
season because the primary lesions on the first leaves of the seedling, unless very 
severe, appear as mere spots or streaks, not above i mm. in length. Later, however, 
the blotches increase considerably in size, extending in a direction parallel with 
the long axis of the leaf, somewhat like the leaf-stripe disease, but not for more 
than 20 to 25 mm. or so, with relatively little increase in diameter. The affected 
spots soon turn brown but the colour is not evenly spread over the whole area, 
and at an early stage there can be seen a number of very narrow lines of a darker 
brown colour forming a criss-cross network effect over a background of paler brown 
(Figs. 218c; 219 b); this lace-like pattern gives the disease its name of ‘net 
blotch ’. The parts of the lamina around the blotches are, at first, pale or etiolated, 
but later each blotch develops a narrow yellowish zone around the brown area ; 

in the blotch itself there is never any variegation of 
green and yellow, as frequently seen on the leaf spots 
attendant on the ‘ foot rot ’ (//. sativum) disease of 
barley, above described. When eventually the net 
lesions become further extended and smaller blotches 
due to secondary infections join together to form 
more or less parallel stripes on the leaf, it is not easy 
to distinguish this disease from the true ‘ leaf stripe * 
{H, gramineum) of barley. Careful examination will 
show, however, that there still remain at several places 
along the stripes evidence of the original network effect 
of net blotch. Moreover, any striped effect due to 
the latter is rarely seen to run down into the leaf 
sheaths, as in the case of true ‘ leaf stripe ^ disease, 
unless the leaf is old and the sheath slack. Finally, 
when lesions have become so numerous as to involve 
the greater part of the leaf, the latter begins to wither 
from tip to base and the spots fade from a dark-brown 
to a more diffused, dull-brown or grey, and it is on 
these dead tissues that the spores of net blotch make 
their appearance. 

The fungus causing net blotch of barley was first dis- 
covered in 1881 in its conidial form, named Hehnintho- 
sporium teres ; the perithecial stage was not found until 
A B 1919, at Madison, on straw, stubble, and infected spikelets 

Fig. 219.— Comparison of leaf of barley, and proved to belong to the Ascomycete genus 
stnpe of barley (H. gra- Pyrenophora, so that the correct designation of the organism 
A, and net Pyrenophora teres This perfect stage is, however, 
very infrequently found. The fungus grows well in culture 
Noble> at 25° C., on potato-agar, but is of slow growth ; the 
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mycelium colours the medium dark green but not to the depth of colour seen in a culture of 
H, sativum on the same medium. Greyish-white tufts of mycelium arise on the surface 
of the colony but the conidia are not nearly as abundant as produced by H. sativum. 
There are, however, small black sclerotia of variable size formed in abundance, but these 
bodies are absent or rare in H. sativum The brown conidiophores arising at diseased 
spots on the leaves emerge from between the epidermal cells or through the stomata 
from an intercellular mycelium below, singly, or in groups of 2 or 3 ; they are shorter 
and less closely septated than those of //. gramineum and H. sativum. The conidia are 
solitary and measure from 30 to 175 by 15 to 22 /x, and are furnished with from i to 10 
septa at which the spores are perceptibly constricted ; the conidia, hyaline when newly 
formed, later turn yellow or greenish, but do not become as dark-coloured as those of 
H. gramineum, or as deeply olivaceous as the conidia of H. sativum. All the cells 
of the septated conidium may germinate. 

In addition to the conidia and sclerotia above mentioned, H. teres sometimes forms 
pycnidia (Fig. 220). These have been found under natural conditions on dried and 
starved plant tissues, such as barley straw and chaff The pycnidia are small, 

spherical, about 35 fjL in diameter ; the pycnospores are unicellular, elliptical or round, 
and measure from i to 2 by i /lx ; they are reported to produce normal mycelium in 
germination but the observations are few ^‘3, 

Perithecia of Pyrenophora teres have been reported in Britain and elsewhere, on 
culms, straw, stubble, and spikes of barley These findings report the peri- 

thecia to be mostly ill-developed or abortive, and spore measurements are based largely 
on the examination of a few specimens only. In shape perithecia are similar to pycnidia, 
and furnished with short, blunted necks, but with no definite ostiolar beaks ; setae may or 
may not be present on the surface, where they may sometimes be found-interspersed with 
derelict conidiophores. The asci are described as being sub-cylindrical, with a thickened 



Fig. 220. — Pyrenophora {—Helminthosporium) teres. Diagrams of the pycnidial stage. A, the 
pycnidium arising on the mycelium, showing ostiole. B, the same, m section, showing the various 
layers of the wall and, within, the very short hyphae abstricting pycnospores. C, details of 
the ostiolar region, showing the sporophore-hyphae and spores (after Smith) 
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ring at the apex, and measuring from 220 to 250 by 30 to 36 /z,, with 8 spores arranged in 
two rows ; the ascospores are light-brown in colour, and vary from 52 to 60 by 18 to 22 /x ; 
they are 4-celled and constricted at the septa ; one or both of the middle cells of a spore 
may be furnished with vertical septa 

The primary stage of infection of barley with net-blotch disease begins with the 
sowing of infected seed. It takes place in the same way as already described for 
‘ stripe disease * of barley (p. 434), and there is no need to repeat the observations 
here. With the appearance, however, of secondary lesions in isolated patches 
among the original stripes of the primary lesions, it is clear that net blotch differs 
strikingly in this effect from the true ‘ leaf stripe ’ in which all the infections 
necessitate close contact of outer leaf with inner leaf during development. More- 
over as the new spots in net blotch appear on all the leaves of the plant, upper as 
well as lower, and on the ears, it is evident that they are due to secondary infections, 
as a result of spores from the primary lesions having been carried by wind. 
Secondary infections on the glumes are often responsible for contamination of 
the grain. 

The primary stage of infection occurs at comparatively low soil temperatures, 
of 10® to 15° C., the first signs appearing as small local infections on the coleoptile 
or on the first seedling leaf. If, however, the soil temperature is raised, the disease 
gradually disappears until at a temperature of 20"^ C., infection appears to be 
checked. Experiments showed that on plants grown from infected seed sown in 
July, the disease was virtually absent, whereas a high percentage of infection was 
obtained from sowings made in March and April But the influence of fluctuat- 
ing temperature seems to have little effect on the incidence and continuance of 
secondary infections and, as higher temperatures do not check these later infections, 
it is clear that they account for a great deal of disease on the leaves. It is note- 
worthy that in certain localities where the mean summer temperature is relatively 
high, as in the region around Grahamstown, South Africa, secondary infections are 
said to be entirely responsible for outbreaks of net-blotch disease. In such lati- 
tudes it is not necessary that the disease should be introduced into the field with 
the seed, that is, the primary stage is not essential for its propagation. In these 
regions of high temperature this fungus with its spores may often be seen on self- 
sown, ‘ volunteer ’ barley or on the ubiquitous wild species, Hordeum murinum^ 
practically all the year round. From these sources, fields of cultivated barley 
easily become infected by wind-borne spores. 

From the foregoing considerations it is clear that seed treatment with disinfect- 
ants has, in general, but little control over net blotch disease. Such treatment 
must not, however, be omitted, for under conditions of greater climatic contrast 
the kind of infection that may be expected to occur, whether the primary or the 
secondary, or both, will depend largely on the locality The treatment is the 
same as indicated for leaf-stripe disease. 

The amount of infection with net blotch proved to be comparatively low when 
nitrogenous manures were withheld, though there was no significant difference 
when these were sparingly applied, but potassic and phosphoric fertilisers reduced 
the amount of disease appreciably 

There are no records of the possiljility of H. teres being able to pass the winter 
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in the soil in the form of a resting mycelium. The sclerotial bodies, however, 
have been found on the dead leaves during the winter and may possibly give rise 
in the spring to conidia or on rare occasions to perithecia, in which case both 
conidia and ascospores would contribute to secondary infections. But details of 
the formation of conidia and perithecia under such conditions are not, so far, 
known. In any case, sanitary measures, such as turning-in of the stubble or other 
barley debris, and crop rotation should be adopted as precautionary measures. 
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Ergot of Rye, Claviceps purpurea (Fr.) Tul. 

The disease known as ergot, though associated for centuries with its attack on 
rye, is very common on a large number of wild and cultivated grasses ; it also 
occurs occasionally on Rivet wheat and on Rivet x Triticum vulgar e crosses but 
very seldom on oats or barley In Britain the disease is most prevalent 

on rye in the northern parts of the country. It confines its attacks to the inflores- 
cence which, however, is rarely wholly destroyed, and an infected head of rye 
usually shows only some two or three grains replaced by the dark-coloured horn- 
like sclerotia or ergots which are so characteristic of this disease (Figs. 221, 222). 

An insidious type of poisoning presumably caused by the ingestion of ergots 
in fodder or ergotised rye bread has been known for a long time in animal 
and human pathology, causing in some cases a vascular gangrenous condition and 
in others a nervous convulsive type of disorder, and sometimes both occurring 
together in the malady known as ergotism. 

The sclerotial ergots contain valuable therapeutic properties and considerable 
advances have recently been made in defining the molecular composition of about 
a dozen different alkaloids yielded by ergots 2, 3), in some countries the pro- 
duction of sclerotia for pharmaceutical purposes is carried out on a large scale by 
artificial inoculation of the rye-heads with the spores of the parasitic fungus causing 
this disease. Large quantities of ergots are annually imported into Britain, chiefly 
from Spain, Portugal, Russia, Poland, and the Baltic States. 

P2 
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Claviceps purpurea^ the 
fungus of ergot, is widely dis- 
tributed in Europe, America, 
and Australasia. The parasite 
attacks only the inflorescence 
of its host, black sclerotia 
being produced instead of 
grains. The loss of yield from 
rye crops appears to be due 
not only to the replacement 
of grain by sclerotia but also 
to the fact that infection of 
a flower and sclerotial de- 
velopment is usually followed 
by sterility of neighbouring 
flowers which, though occu- 
pied by the fungus mycelium, 
remain empt}^ without pro- 
duction of sclerotia. It has 
been ascertained that a single 
sclerotium in a head of rye 
gives a clue to about i per 
cent., with an increase to about 
20 per cent., sterility for the 
presence of some 14 or 15 

Fig. 221. — Ergot (Claviceps purpurea). Ay the sclerotia on sclerotia per ear 

three plants of slender foxtail. .B, on cocksfoot (left) and Early signs of infection in 

on two plants of perennial jre-grass. C on rye (A, B, ^he inflorescence are Seen in 
photos by Dillon Weston ; C, by Foister & Noble) 1 r r • 1 n 

the form or a sticky yellow 

fluid secreted from infected flowers and, embedded in the sweetish fluid, or 
‘ honey-dew ’ as it is called, is an immense number of minute conidia ; this 
stage is known as the ‘ Sphacelia ’ condition (Fig. 223 a) and was originally named 
Sphacelia segetum before the connection between it and the ascigerous perfect 
stage, Claviceps purpurea, was discovered. The mycelium in the flowers producing 
the conidia consists of intricately woven hyphae which emerge from the surface 
of the ovary in contorted slimy masses. They give rise to a more or less close 
palisade of short conidiophores which abstrict minute conidia in such profusion 
that, when liberated into the sticky exudate, they accumulate on the surface of the 
inflorescence like drops of dew. This viscous secretion has been found equal in 
concentration to a 2-33 molar solution of sugar, and when the conidia are examined 
in this natural matrix they are elliptic in shape and vary in size from 3*5 to 6’0 by 
2*5 to 3 fjL, but when the fluid is diluted the conidia increase their dimensions, 
showing a range of 6*5 to 7*5 by 4*2 to 4-8 fi. It appears that the conidia will not 
germinate unless the honey-dew is diluted. The sweetish fluid is attractive to 
insects, and conidia may thus be carried from infected to healthy plants and in- 
fection results if they are conveyed to the open spikelets. The swaying of the 
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plants in wind and splashing rain no doubt also helps in the dissemination of 
conidia. 

A decline in the production of conidia is early followed by a progressive swelling 
and hardening of the ovary due to fungal penetration and, instead of maturing into 
a grain, the enlarging ovary, while still retaining, more or less, its natural shape, is 
gradually converted into a sclerotium or ergot. Typical sclerotia are violet or 
dark purple in colour, with a remnant of the twisted hyphae of the sphacelial stage 
frequently persisting for a long time as a tawny wisp at the apex of the enlarging 
body. The sclerotia are larger than the normal grains, but they vary considerably 
in size according to the host bearing them. Those of rye may range from i to 
3 cm. long ana 8 mm. thick ; those of Molinia from 4 to 6 mm. long by i to 
1*15 mm. thick; those of Agrostis as small as 2 mm., while those of Festuca 
elatior may be as long as 18 to 20 mm. The interior of a sclerotium consists 
of a hard white mass of fungal tissue from which any remains of ovary or ovule 
tissue can no longer be distinguished from the pseudoparenchyma of the sclero- 
tium. In general, the sclerotia are fully formed in the affected ears at about the 
same time as grains are produced in the healthy flowers. They may fall and 
hibernate on the ground or may be gathered at harvest with the crop and at thresh- 
ing become an admixture with the seed. In some cases sclerotia may be dispersed 
through the agency of wind after the fashion of pappus fruits ; thus the sclerotia 
from the flowers of Calamagrostis epigeios, like the healthy grain, are enclosed within 
the floral pales, and by virtue of the fine circlet of silky hairs at the base of the 
pales expanding in dry weather, 
may be carried by the wind ; the 


sclerotia of Br achy podium sylvaticum^ 
enclosed within the awned invest- 
ment of the flower, may be picked 
up on the coats of passing animals. 

Sclerotia which fall to the ground 
at harvest may germinate in the 
following spring, but in general 
they do not remain viable on the 
ground for more than a year 
They can withstand very low tem- 
peratures and, while freezing appears 
to be conducive to their germination, 
it is not essential and the mini- 
mum temperature for sclerotial 
growth is about lo'^ to 12° C. ; 
it is also recorded that a range of 
9° to 15° C., following one month 
of freezing, is most favourable to 
germination, which, however, is 




checked at temperatures of 18° C. 
and upwards Even portions of 
broken sclerotia which may pass 


Fig. 222. — Ergot. A, the sclerotia on two plants 
of barley. R, on three plants of Rivet wheat ; 
note the * nectar * (‘ honey-dew * stage) on the 
middle specimen (photos by Dillon Weston) 
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undetected in threshed grain or seed samples may grow quite as well as whole 
ones 

Favoured by a moist environment in the previous autumn and a suitable spring 
temperature of about 11° C., the sclerotia on the ground show signs of reviving 
by developing a number of small cracks arranged longitudinally here and there at 
various parts of the surface, and tiny semicircular flaps of the coloured rind may 
be seen turned back at these places From the white internal fungoid tissue 
thus exposed, a small white, club-shaped stalk or ‘ clava ’ emerges at each point 
and finally each stalk expands at the apex into a flesh-coloured, round, or thimble- 
shaped head or stroma (Fig. 223 b). The stroma is covered with numerous closely 
set papillae, each papilla surrounding an ostiole leading down to a perithecium. A 
sclerotium may give rise to as many as 60 of the stalked stromata but the average 
number is usually about 6. The stalk may vary in length from 5 to 25 mm., 
according to the depth of the sclerotium in the soil. A whole sclerotium with its 
complement of stromata looks like a small black pin-cushion on which the pinkish 
heads of the pins, the stromata on their white stalks, are inserted at various points 
on the cushion with the heads directed towards the light, and those stromata 
emerging from the sides and under parts of the sclerotium may often have their 
stalks considerably twisted in order that their heads may attain this position. 
Apparently the stromata must be completely elevated above the soil for efficient 
discharge of their spores. During the development of the stromata from the 
sclerotia there is no production of external mycelium, but sometimes, and only after 
the stromata are mature, a small circlet of rhizoid-like hyphae may often be found 
around the base of the stalks From the first appearance of a stroma at the head 
of its clava, it usually takes about 5 to 7 days for the perithecia to reach full 
maturity The perithecia are completely sunken in the stromatal head, forming 
a single layer of numerous flask-shaped cavities which follow closely the contour 
of the dome-shaped papillate stroma (Figs. 42 A, 223 c). From a group of specialised 
cells at the base of each cavity numerous club-shaped asci develop and, inter- 
spersed with slender paraphyses, line the base and sides of the perithecia which 
open to the exterior by narrow ostioles situated, as already stated, at the papillae K 
An ascus contains 8 very slender filiform spores measuring from 50 to 76 by o*6 
to 0‘7 IX in diameter. The ascospores are extruded under conditions of high 
humidity of about 76 to 78 per cent, saturation of the atmosphere and may 
either collect at the ostioles in viscid masses for dispersal in splashing rain-drops, 
or by insects, or if showers are followed by sunny periods such conditions would 
liberate the spores from the perithecia and cause them to be forcibly ejected into the 
air and so may be carried further afield by the wind to any spikelets that may be 
open for the reception of pollen. 

The discharge of ascospores from the perithecia appears to synchronise with 
the early anthesis (escape of pollen) of the particular host plant attacked. These 
primary infections by ascospores are said to be more successful when the flowers 
have just opened, presumably because the spores have a better chance to grow on 
the stigmatic brushes of the flowers when there is no hindrance from a previous 
deposit of pollen; but fresh infections may continue for about 15 days after 
flowering has begun. Infections are naturally heavier the longer the flowers are 
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Fig. 223. — Claviceps purpurea. .^ 4 , the conidial, ‘ honeydew ’ stage on the ovary. R, the 

germinating sclerotium showing seven stromata. C, longitudinal section of a perithecial stroma 
showing numerous perithecial cavities (see also Fig 42 a). D, a penthecium. E, ascus 
discharging ascospores. E, two germinating ascospores (from Sachs’ Lehrbuch) 


Open for pollination, and it is probable that one reason, at least, to account for the 
comparatively greater susceptibility of rye than of wheat to infection is the fact 
that the flowers of rye remain open for a much longer period than those of wheat 
which remain open for a few minutes only and are thus protected by early closing 
of the glumes against infection The ascospores gd^rminating on the moist 
extruded stigmas produce very long germ-tubes which proceed quickly to the base 
of the ovary without, however, penetrating this region as yet, but later creep up 
to the apex of the ovary to form the contorted mycelial system composing the 
sphacelial, conidial stage. The production of conidia takes place very quickly, in 
about two days after infection with ascospores, provided atmospheric humidity 
is not less than 74 per cent, saturation, with a prevailing temperature at the com- 
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mencement of flowering not above 13° or 15° C. Secondary infections may 
be effected by the conveyance of the conidia-laden honey-dew by insect carriers 
or by contact of diseased with healthy inflorescences or by splashing rain and, 
most probably, it is the conidial infections that are accountable for most of the 
damage to rye crops especially in humid low-lying localities where insects are 
prone to flourish. 

The conversion of the young ovary into ? fungoid sclerotium takes place gradu- 
ally from below upwards, the superficial hyphae penetrating the ovary wall at 
various points, mostly near the base. The cavity between wall and ovule also 
becomes filled with dense mycelium. The ovule itself and the upper part of the 
ovary-cavity are relatively free from fungus until they finally become obliterated 
by pressure of the encroaching mycelium With the gradual protrusion of 
the young sclerotium beyond the floral glumes towards the light, its superficial 
mycelium changes from white to carrot-red and finally to a dark-violet, almost 
black colour, the extreme tip retaining for a long time a wisp of the whitish or 
tawny twisted sphacelial hyphae, but this too, is finally shed 

Claviceps purpurea is amenable to culture on various kinds of media, e.g. rye, 
malt, and cherry extracts, but only the flocculent colonies of conidia are produced 
and they develop best over a range of temperature from 20° to 25° C. On a 
2 per cent, agar medium containing o-i per cent, monopotassium phosphate, 0-025 
per cent, magnesium sulphate, i-o per cent, cane sugar, o-i per cent, asparagin, 
the conidial colonies produced peculiar knotted groups of hyphae resembling 
somewhat the internal structure of the sclerotia but they developed no further and 
bore no superficial resemblance to the natural ergots. The conidial stage thrives 
under slightly alkaline conditions but has the power of changing the reaction to 
acid under which, presumably, further development of conidia is checked ; 
but more recently it has been recorded that cultures Jjegun from ascospores 
require an acid reaction of the medium for the development of conidia and that 
an alkaline condition is essential for the production of sclerotia 

For the culture of ergots on a large scale, for medicinal purposes, as already 
indicated, crops of rye are cultivated, inoculated at flowering time, and the sclerotia 
gathered by hand. Nodal inoculations also yield sclerotia In Budapest it is 

reported that fields of winter rye are systematically inoculated by special machinery 
which not only grips the young ears but at the same time sprays them over with an 
ascospore suspension of the fungus. After some 6 to 12 days the infected ears are 
seen to be permeated with conidial honey-dew. This is collected and diluted, i litre 
of honey-dew being sufficient to make 60 litres of inoculum containing about 5,000 
conidia per cubic mm. Extensive spraying infections are then carried out with the 
diluted fluid and in order that insects may also help in dissemination of the spore- 
laden fluid, the crops ar^ usually grown in dense formation, preferably in low-lying 
humid localities favourable to insect life. In about 10 days before the rye crop is 
mature, the sclerotia are picked by hand, and it is computed that some 90 to 
190 kg. of ergots may be gathered from a hectare of the crop 

Claviceps purpurea embraces a number of specialised races. The race attacking 
rye infects also wheat, barley, Festuca pratensis^ Bromus sterilisy and a few species 
of Poa. Another race collected from sweet- vernal grass {Anthoxanthum odoratum) 
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also attacks rye and various grasses but not barley. The wood brome (Brachy- 
podium sylvaticum) and Glyceria fluitans have each their exclusive single race. 
The race on the perennial rye-grass {Lolium perenne) also infects Bromus erectus^ 
but not rye <17-20) 

As the principal cereals subject to attack by the fungus are rye and durum- 
wheats, the disease can be kept under control by a system of rotation with the 
commoner wheats, or oats and barley which are rarely attacked. The prevalence 
of sclerotia on such a wide range of pasture and wild grasses makes it imperative 
to eradicate as far as possible all such hosts, especially if occurring in wet sheltered 
borders of rye fields. As the disease affects the inflorescence only, hay should be 
cut while still green, before ergots develop The ergots, however, are not 

long-lived, and deep-ploughing, together with a rotation of 2 or 3 years before 
planting rye again, is usually long enough to starve these bodies in the soil. Since 
the sclerotia, in any case, lose their viability after one year, sowing seed 2 or 3 
years old, even if contaminated, is reported to be a sufficient precaution against 
recurrence of the disease Whole and broken sclerotia may occur in threshed 
grain and may be returned in a viable condition to the soil at sowing time ; it is 
recorded that they occur fairly commonly in samples of grass-seed, e.g. in perennial 
and Italian rye grasses, timothy, bent, crested dogstail, and Yorkshire fog ; and 
to a lesser extent in cocksfoot and red and meadow fescues Ergots may be 
separated from the grain by immersion in a brine solution of 40 lb. of salt in 25 
gallons of wafer ; the sclerotia rise to the surface and the grain is then washed 
with water immediately 

1. Barger, G. : 1931. Ergot and Ergotism y Gurney & Jackson, Edinburgh. 

2. — 1937* 'I'he Analyst^ Ixii, 340. 

3. — 1938. Sonder. aus Handb. d, Exper. Pharmakol. 84. 

4. B^k^sy, N. V. : 1938. Zbl. Bakt. Ab. 2, xcix, 321. 

4 a. Dillon VS^eston, W. A. R., and Taylor, E. : 1942. J. Agric. Sci. xxxii, 457. 

5. Fron, G. : 1926. Ann. Sci. Agron. xliii, 314. 

6. Giissow, H. T. : 1929. Dom. Exper. Farms.* Circ. 69. 

7. Killian, C. : 1919. Bull. Soc. Myc., France^ xxv, 182. 

8. Kirby, R. S. : 1927. Cornell Univ. Ext. Bull. 157. 

9. KirchhofF, H. : 1929. Centralh. f. Bakt. Ab. 2, Ixxvii, 310. 

10. Kossobutzky, M. I. : 1929. Sci. Soc. VotyakSy Leningrad. 

11. Krebs, J. : 1936. Ber. Schweiz. Bot. Ges. xlv, 71. 

12. McCrea, A. : 1931. Amer. J. Bot. xviii, 50. 

13. McFarland, F. T. : 1922. Science y N.S. Ivi, 85. 

14. Fetch, T. : 1937. Naturalisty London, 25. 

15* — 1938. Trans. Brit. Myc. Soc. xxi, 243. 

16. Sampson, K., and Western, J. H. : 1941. Diseases of British Grasses and Herbage 

Legumes. 

16 a. Schweizer, G. : 1941. Phyto. Zeitschr. xiii, 317. 

17. Stager, R. : 1903. Bot. Zeit. Ixi, iii. 

18. — 1905, Centralb.f. Bakt. Ab. 2, xiv. 25. 

19. — 1922. Ibid. Ivi, 329. 

20. — 1923. Mitt. Natur-Forsch. Gesell.y Berny ii. 

20 a. Stoll, A., and Brack, A. ; 1944. Ber. Schweiz. Bot. Ges. liv, 252. 

21. Weniger, W. : 1932. N. Dak. Agric. Exp. Stn. Bull. 255. 

22. Vladimirsky, S. V. : 1939. Sovet. Bot. 1939, v, 77. 



Chapter XI 

DISEASES OF PASTURE AND FORAGE CROPS 


Crown Wart of Lucerne, Urophlyctis alfalfae (Lagerh.) Magn. 

Crown wart of lucerne, preferably called marbled gall (to distinguish it from 
true crown gall of other plants caused by bacteria), attacks in Britain only the 
one host lucerne, Medicago sativa^ but in the United States M. falcata is also 
reported about equally susceptible with M. saliva^ and it appears that all other 
leguminous plants, weed or cultivated, are everywhere quite immune from this 
disease 

It was first observed in 1892 in Ecuador and in England in 1906 near 
Herne Bay, Kent in the United States where the disease is local- 

ised in a few places, it was first found in 1909 and is abundant only west of Sierra 
Nevada and the Cascade Mountains Crown wart is relatively of little importance 
in Britain, but its sporadic occurrence in France Germany Italy, Switzerland, 
and comparatively recently in Belgium Portugal Utah Canada and 
California seems to indicate that it is more common than reported. 

Affected plants in the spring show characteristic whitish warts or galls around 
the base of the stem at or below soil-level (Fig. 224), so that unless the soil is 
cleared away the extent of the damage is not always realised. A gall begins as a 
swelling of one or more of the numerous adventitious buds which arise in succession 
from the woody crown of the plant, especially of those less protected and developed 
below the level of the soil. All parts of the buds, including the scales, leaves, and 
stipules, may become involved in gall formation, but in other cases where buds 
are only partially infected they may produce weak shoots in spite of gall formation. 
The general effect at the base of the plant is the development of a large dirty-white 
excrescence (often as much as 6 inches in diameter, and extending from i to 3 
inches into the soil) having a more or less rounded contour from which partially 
infected buds may continue growth, but only to form weak shoots. Unaffected 
buds close to the galls at first produce normal leafy shoots which, however, soon 
begin to show signs of wilting and yellowing, especially in hot weather, and these 
symptoms are helpful in picking out infected plants in the field ^7). After long 
exposure the exposed galls may turn green and form a firm crust around the base 
of the stem 

When a gall is cut across it shows a number of dark-brown diseased areas 
surrounded by white tissue, the gall thus presenting a marbled appearance (Fig. 
224 b). These brown patches contain the spores of the causal organism, and while 
most of the galls decay and liberate their spores, a few more deeply situated galls 
become covered with corky layers and survive the winter. Individual galls 
continue to develop spores over a long period, and while the spores are capable of 

45 « 




Fig 224 — Crown wart of lucerne (Urophlyctts alfalfae) A, centre, normal plant , right and left, 
infected plants showing warts at the crowns B, section of wart showing the marbled effect 
C, section of a wart showing the chambers filled with spores (photos by Salmon & Ware, Wye 
Reports) 

survival over the drought of summer, m rainy periods they are set free into the 
soil m great numbers to initiate fresh infections 

This disease is caused by the fungus Urophlyctts alfalfae *» of the Chytndiales, 
a family belonging to the primitive group Archimycetes, of which another member 
Synchytrium endobtottcum is described in this book as the parasite causing wart disease of 
potato, which this disease resembles in many respects (p. 499). The browned areas in the 
galls contain a number of golden-brown spores which function as resting sporangia and 
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eventually give rise to zoospores (Fig. 224 c). The spores are somewhat spherical, 
flattened slightly at one pole, from 30 to 40 by 45 (jl in diameter, having a brittle wall about 
2 fx thick, lined within by a thin colorless wall (Fig. 225 a). They are not easily germinable 
under artificial conditions but the action of mould fungi and bacteria in helping to break 
up the galls appears also to assist in the germination of the spores. 


At germination (Fig. 225 b) the spores become converted into sporangia con- 
taining a large number of biciliate zoospores which may either be passed into an 
extruded vesicle before dispersal ^*5) or, without forming an external zoosporan- 
gium may escape into the soil through one or more cracks in the spore wall. 
The zoospores remain active for several hours and may or may not unite 
together in pairs before infecting the host ; but nothing is clearly known about the 
occurrence of a sexual fusion in the life-history of this parasite, nor has the initial 
method of infection by zoospores been actually observed. 

Buds of lucerne become infected during early stages of development as they 
emerge from the crown. Those developed below soil-level, imperfectly protected 
by their bud scales, oflFer easy access to the motile zoospores in wet soil, and penetra- 
tion usually takes place into tender leaf rudiments if these are not covered by bud 
scales ; infection may also reach the tissues of the growing point itself. One, two, 
or three zoospores may sometimes be found within the same epidermal cell, in 



Fig. 225. — Urophlyctis alfalfae. A, nearly mature rest- 
ing spore showing a zone of eleven haustoria. B, 
primary ‘ bulb * ta showing four new ‘ bulbs ' tb of 
successive orders and ra, new resting spore ; tbx, 
peripheral segments of new bulb tb, at top 
( X approx. 847) (after Jones & Drechsler, J* Agric. 
Res,) 


which they appear as somewhat 
elongated pear - shaped bodies. 
The narrow end of each body 
becomes drawn out into a thin 
beak or hypha, and the broader 
end, from which further develop- 
ment takes place, enlarges some- 
what while retaining the single 
nucleus of the zoospore and most of 
the cytoplasm. This dilated part 
of the body, which may be referred 
to as the ‘ bulb ' or ‘ collecting 
cell puts forth, in a terminal 
position, a narrow, branching 
hypha of limited growth which 
appears to fulfil the functions of 
an absorptive haustorium, collect- 
ing nourishment from the host for 
the development of the bulb. The 
bulb soon comes to possess some 
10 to 15 nuclei derived by division 
of the single nucleus of the zoo- 
spore. Within the top half of the 
bulb, 2 to 4 convex, intersecting 
walls arise which, with the wall of 
the bulb itself, thus form 2 to 4 
cells, each furnished with a single 
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nucleus contributed from the group of nuclei in the bulb, the remainder of which is, 
therefore, still multinucleate. It is this remaining multinucleate portion of the bulb 
that is important, for it gives rise indirectly to the spore or future resting sporangium. 
At a point on the surface of this portion a small vesicle is developed and into it 
migrate all the contents of the multinucleate central part of the bulb. Eventually, 
about a hundred nuclei are formed in the vesicle as it matures. The wall of the 
emergent vesicle now thickens to become that of the spore but not before it has 
produced, at some three or more points on its equator, short hyphal processes 
which branch out into short haustoria of the same nature as the haustorium formed 
at the apex of the original bulb. These branched haustorial processes no doubt 
assist in the absorption of food material for the developing spore, and when the 
latter is mature they are discarded, leaving behind very evident scars where they 
were attached. To return to the developing bulb, each of the 2 to 4 peripheral 
cells at the rounded end of the bulb (and which took no part in spore formation) 
gives off a narrow hypha which diverges from the rest so that by penetration of 
different host cells in the neighbourhood new points of internal infection are estab- 
lished by these hyphae. Each of these exploring, penetrating hyphae, by expanding 
within the entered cell into an ‘ apical bulb ' (‘ collecting cell ’), repeats the same 
history as above described, and the same sequence may be repeated several times. 
It is the function of these hyphae, therefore, to spread infection within the host. 
Eventually, however, within a prescribed area in the gall, the process of spore forma- 
tion is checked. This occurs when, consequent upon the digestion of the host 
cells within that area, a cavity is formed which makes no further expansion once 
its delimiting cells develop thickened walls on the sides facing the cavity. Though 
the host cells in the path of the invading parasite disappear by absorption in 
advance of the exploring hyphae, once the wall of the cavity is thickened the fungus 
makes no further inroad into the cells beyond, and meristematic activity stops in 
the tissues surrounding the older parts of the cavity. It would appear, there- 
fore, that each brown-spotted area of the marbled gall is traceable to a separate 
infection. 

Whilst this development is taking place, the galled tissue, according to the degree 
of infection, has all the time maintained more or less the shape of the normal bud. 
The gall develops a vascular system of its own by conversion of parenchyma into 
tracheids which establish direct communication with the vascular system of the 
host. The galls are therefore swollen buds, or parts of buds which, through 
infection, have diverted nourishment to their own abnormal growth, to the great 
detriment of the normal development of the host. 

Water-logged soils and faulty drainage are favourable to the spread of crown 
wart once the spores are liberated into the soil. During periods of drought the 
trouble is immediately checked, and the best method for its control is attention to 
drainage 

1. Anon. : 1925-1926. RpL Utah Agric, Exp, Stn, 
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Powdery Mildew of Clover, Erysiphe polygoni DC. 


Powdery mildew caused by Erysiphe polygoni is very common on a wide range of 
wild and cultivated plants which include swede, turnip, pea, clover, and other legu- 
minous plants. It occurs extensively in Britain and North America, especially in the 
eastern parts of the United States, eastern Canada, and in India 9, xo, 17), 

The mildew is often responsible for considerable reduction in the crops gener- 



ally, particularly on those of 
late peas. On most varieties 
of clovers it is reported in some 
localities to reduce the weight 
and quality of the herbage, while 
in other places its effects are 
hardly noticeable Under 

field conditions in Britain, the 
aftermath of a clover ley usually 
suffers more from mildew than 
the main hay crop 

On any of its numerous hosts 
first signs of the mildew consist 
of small patches of a thin, fine 
meshwork of white mycelium, 
arising at various places on the 
upper surface of the leaves. 
These white patches soon join 
together to form larger areas, and 
from the superficial mycelium 
arise upright conidiophores and 
conidia (Fig. 226 a) in such pro- 
fusion that the foliage looks as 
if dusted with flour, and an entire 


Fig. 226 . — Erysiphe polygoni. A, conidial stage (from 
Anthriscus sylvestris) ( x 270). B, haustorium (from 
Polygonum aviculare) ( x 450). C, deistocarp (from 
pea) ( X 180). D, ascus with ascospores { x 270) (after 
Salmon) 


crop may appear white from a 
distance. Leaves of crimson 
and red clover often carry heavy 
growth of the mildew for several 
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weeks before they become chlorotic and die ; leaves and pods of the pea may 
be covered in late summer with the white mycelium of the mildew 

When the production of conidia is about over, giving place in some cases to 
the development of cleistocarps, the leaf surface becomes patchy yellow, and in 
parts dark purple or even black, until the entire lamina is killed. Clover plants 
attacked during early growth remain small and dwarfed. The stunting elfect is 
believed to be due indirectly to excessive transpiration brought about by the 
demands of the mycelial webs on the leaves, and it is known that leaves so covered 
transpire much more freely than healthy leaves 

E. polygoni embraces a large number of physiologic races. Specialised races 
attack pea, swede, turnip, and various other hosts ; on red clover at least three 
physiologic races exist 9, 12, is, 18)^ 

In many localities only the conidial fructifications are known, cleistocarps being com- 
paratively rare. The elliptic, hyaline conidia (Fig. 226 a) are cut off at the ends of vertical 
conidiophores one at a time, continuing in succession from below <5, n). They are dis- 
persed by wind, and appear to be the chief means of spreading the disease ; they are 
rarely absent from clover fields, though often confined to traces on the lower leaves 
The cleistocarpic fructifications (Fig. 226 c) are not common, but often occur on the pea ; 
they are produced only sporadically on clover, and it is doubtful if they play any important 
part in the spread of the mildew in Britain. They are globose, 65 to 180 /x in diameter ; 
the appendages are brown or colourless, variable in number and length, distinct, or more 
or less densely interwoven with the superficial mycelium. The asci vary in number from 
2 to 8 according to the host on which they are found (Fig. 226 d) ; they are ovate in 
shape, and measure from 46 to 72 by 30 to 45 fju ; the ascospores vary from 3 to 8, rarely 2, 
per ascus, and measure from 19 to 25 by 9 to 14/x The dearth of cleistocarps is probably 
due to infrequent infection with strains of the fungus which are sexually compatible, and 
it is likely that the organism is heterothallic The cleistocarps appear to be set free from 
the host when wetted with dew or rain, and after conveyance to a new host become 
firmly attached thereto by their appendages 

While infection in some places may start from conidia which have survived 
the winter, in other places it is thought that the mycelium itself may be enabled to 
live throughout the winter, especially on hardy hosts such as the Brassicas, or on 
the numerous perennial weeds which serve as hosts for the production of conidia 
to spread fresh infections during summer and autumn It is recorded from 
Bombay that the disease on peas may quite possibly be carried internally in 
the seed, but there is no other evidence that the mildew may be seed-borne in 
any of its numerous hosts. 

The history of mildew infection may be studied by depositing conidia on the 
upper surface of excised leaves of clover floating on a 10 per cent, solution of 
sucrose, at a temperature of 20° C. The conidium is seen to put forth a germ-tube 
which forms an appressorium before direct (not stomatal) penetration of the epi- 
dermis takes place. The infection peg from the appressorium is very narrow, and 
first bores its way through a swelling (‘ lignituber *) in the inner layer of the epi- 
dermal wall (Fig. 227), before its tip expands into a small, round haustorium, 
which, moreover, appears to be furnished with a sheath ; sometimes penetration 
may go deeper than the epidermis, and haustoria may actually be found in some of 
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the mesophyll cells \ In- 
cidentally, it is suggested 
that the presence of such 
^ an internal mycelium may 
provide for the survival of 
the fungus over the winter, 
if leaves are sufficiently pro- 
tected After the germin- 
A _ ating conidium has secured 

anchorage by virtue of its 
first haustorium (about 9 
hours after inoculation) it 
puts forth another germ- 
tube from the opposite end, 
and the second tube, by 
Fig 227 — Mildew of clover {Erystphe poiygom) A, spore sp dint of repeated branching, 
germinating on leaf of clover, showing three germ-tubes spreads OUt OVer the leaf 
and a haustorium A , note direct cuticular penetration r ^ r 11 f U 

C, sections of penetrated epidermal cells showing haus- ^ lOrm a small patCH 

torium surrounded by ingrowth of the host cell wall c which, of mycelium. This consists 
in C, forms a collar around the stalk of the haustorium h , Qf uninucleate cells from 
note the prominent sheath sh of the haustorium (after i n 

Smith, J Agrtc. Res ) which numerous tiny swell- 

ings like the appressoria 
from the germ-tubes develop, and numerous penetrations, followed by the for- 
mation of haustoria, occur during the extension of the mycelium over the leaf. In 
5 or 6 days after inoculation the mycelium is sufficiently advanced to begin 
sporulation. Production and dispersal of conidia appears to be much more 
active during the hours of daylight, in particular from 8 to 12 noon, than in 
darkness. It is of interest to note that the normal closure of clover leaves at night 
seems appreciably to reduce the chances of infection 

Any correlation between the incidence and severity of mildew on clover 
and the relative humidity of the atmosphere is difficult to understand, as in- 
fections may start and continue during seasons of light rainfall and be equally 
severe during periods of comparative drought It is probable that different 
races of the parasite react differently to changes of the environment, as 
well as in their attacks on different strains of clovers. The mildew is said to 
be encouraged by the incidence of cool nights and warm days during middle and 
late summer 

lattle appears to be known about the occurrence of this mildew in relation to 
its attacks on susceptible hosts grown on different types of soils, or on soils of 
different reaction. On plants of the cowpea in Virginia the disease had a preference 
for alkaline rather than acid soil conditions 

Powdery mildew is difficult to control in the field. In Bombay h7) sulphur 
dusting of peas proved effective against attack, and this treatment has also given 
good results on clover in Wales and America In Canada, some strains of 
red clover, and some European varieties as well, have shown considerable resistance 
to powdery mildew 
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Black Blotch of Clover, Cymadothea trijolii Wolf 

* Black blotch *, or ‘ sooty blotch ’ disease, is common on various kinds of 
clover in Britain, Europe, and America. While the susceptible hosts in Britain 
include crimson, red, and white clovers, the disease is reported in New York 
State to be prevalent mostly on alsike and white clovers, red clover being rarely 
affected ; in North Carolina no fewer than 25 species of Trifoliutn are recorded 
to be susceptible to this disease 

The disease is confined to the foliage, and early symptoms are usually evident 
towards the end of May. It spreads throughout the summer, and reaches its 
height in the autumn ; from January onwards the symptoms tend to disappear in the 
open but may be seen on plants under glass practically all the year round \ The 
disease seldom causes widespread damage in the field, and though epidemics may 
occur under glass, causing much de- 
foliation, the plants are rarely killed 
Early symptoms consist of a few 
small granular spots, dark olive-brown, 
almost black in colour, on the under 
side of the leaves (Fig. 228). The 
spots may increase in size up to i or 
2 mm. in diameter, and while mostly 
confined to the base or margins of the 
leaflets, they sometimes cover the en- 
tire under surface of the lamina. In 
advanced infection, the leaflets turn 
brown and wither but may still remain 
attached to the plant and assume a 
more or less upright attitude, a charac- 
teristic feature which distinguishes 



Fig. 228. — Black blotch of clover (Cymadothea 
tnfolii). The conidial (Polythnneium) stage 
on clover (photo by Wolf) 
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them from healthy leaflets, which are laterally extended Sometimes the spots 
break out on the upper side of the leaf as well, especially on white clover, and 
often become angular in outline if their growth is checked by the veins 

The disease is caused by the fungus Cymadothea trifolii { — Dothidella trifolii)^ 
an Ascomycete of the group Dothideales. There are three types of spores, namely 
conidia, pycnospores (which are probably spermatia), and ascospores. The conidial 
stage {Polythrincium trifolii) develops from a stromatic mycelium established below the 
epidermis, and conidia are formed in great profusion from dense masses of conidiophores 
which aggregate below the cuticle (Fig. 229 A, b). They are liberated to the surface in 
powdery masses, and continue to be formed in sympodial fashion so that the conidio- 



Fio. 229. — Cymadothea trifolii. A, surface of leaf showing a stroma producing young conidiophores. 
B, section of clover leaf showing conidial stroma with conidiophores and conidia. C, pycnidium 
showing disintegration of its pseudoparenchymatous tissue. D, hymenial surface of pycnidium. 
E, asci and paraphyses, crushed from a perithecium (all, x 325) (after Bayliss-Eliiott, Tram. 
Brit. Myc. Soc.) 
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phores assume a characteristic crooked or wavy outline. The dark-coloured conidia are 
obovate, bicellular, 20 to 22 by ii to i5jLt ; their germination in water is feeble, and 
all attempts to grow them artificially have failed The production of conidia 

is generally over towards the end of summer, and thereafter pycnidia or spermagonia 
(Fig. 229 r, d) and perithecia are developed. The former appear first, either on places 
previously occupied by the conidia or in clusters close around them. They arise in the 
mesophyll at points directly below the stomata which are later utilised as ostioles for 
discharge of the spermatia ^ The tiny, oval spermatia, 3 to 5 by 1*5 to 2 /x, are embedded 
in slime which exudes to the surface in pale, mucilaginous droplets. Some have observed 
the spermatia to grow and even to cause leaf infections but others have failed to 
ascribe any function to them other than that of possible fertilisation in connection with peri- 
thecial development Perithecia are initiated within the leaves simultaneously with 
spermagonia, and although fertilisation by spermatia of ascogonial initials furnished with 
receptive hyphae has not been detected, perithecial primordia make no further progress 
unless contact with spermatia has been made The perithecia complete their develop- 
ment on moribund or over-wintered leaves, and the ascospores are discharged in the 
spring. The ripe perithecia, sunken in the leaves, are not very definitely delimited from 
the surrounding host tissues, but each is furnished with a blunt, ostiolar beak lined with 
periphyses. The clavate asci are not numerous ; they contain 8 bicellular, fusiform 
ascospores, 24 to 26 by 7 to 8 /x ; there are no paraphyses (Fig. 229 e) 

The fungus survives the winter in its perithecial form in decayed leaves, and 
ascospore infections take place in the spring Primary infections are believed 
to start in this way from ascospores, but in some localities conidia have been found 
in a viable condition all the year round and may also be responsible for primary 
infections 

Although numerous species of Trifolium susceptible to black blotch were found 
in North Carolina no evidence was obtained of any morphological differences 
in the conidia collected from any of these hosts grown together in the same crop 
In Russia, however, ascospores collected on T. repens infected only their own host, 
and to a lesser extent T. hyhridum, while those collected from T. medium infected 
neither of the above species, except, sometimes, under greenhouse conditions ; these 
two races of the fungus differed in ascospore dimensions and pathogenicity 

As the perithecia are reported to survive on the soil or in clover debris for at 
least five years, long rotations appear to be necessary before this trouble can be 
eradicated from the soil. 
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Clover Rot, Sclerotinia trifoliorum Erikss. 

‘ Rot ^ or ‘ stem rot is one of the most serious troubles which affect legu- 
minous herbage plants. It is considered to be one of the chief factors contributory 
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to ‘ clover sickness a form of soil deterioration which follows when clover has 
been grown at too short intervals in the rotation. It is also known that infestation 
of the soil by the eelworm Anguillulina dipsaci and probably the incidence of other 
undetermined factors are also concerned in this unproductive condition of the 
soil 

As far back as 1898, clover rot, associated with the fungus Sclerotinia tri- 
foliorum, was known in Britain to be highly destructive to clover crops in many 
parts of the country In America it was first discovered in 1890, in Delaware 
and in 1914-15 was reported to have caused heavy damage to clover crops in 
Kentucky The disease is now widely distributed in Britain, the United 

States, Canada, Germany, Denmark, and Sweden Whilst the 

trouble in this country is common mostly on broad red clover, it is known that 
late-flowering crimson, alsike, and white clovers are also sometimes lightly 
aflrected ; trefoil, lucerne, and sainfoin are also susceptible ; and the field 
bean ( Vicia faha) has recently been found in various localities in Britain to carry 
a distinct strain of the fungus causing clover rot Peas and certain weeds 

of cultivation are reported to be susceptible hosts on the Continent, but not in 
Britain In Sweden and Germany it is recorded on winter peas, bush-vetch, 
and on certain non-leguminous plants, namely, common erodium, dandelion, 
white campion, field geranium, and forget-me-not 

Clover rot makes its first appearance on young plants in the autumn, usually 
about November, in scattered patches in the field, in the form of a whitish mould 
covering the stems and leaves, and from which it may later extend for short 
distances over the surface of the soil. The white mycelium soon becomes yellow 
and then a brown discoloration sets in which gradually spreads over the leaves 
until they wilt and collapse to the ground. While only one or any number of 
the stems of a stool may be attacked and even rotted with disease, the roots may 
remain free for a considerable time, and during a long spell of dry weather affected 
plants may throw off the infection by developing new buds which produce perfectly 
healthy shoots. In severe infections, however, entire plants may be destroyed, 
and under wet, muggy conditions whole patches of ground may be laid bare 
In the final stages of disease the stools are covered at the base with a dark-coloured 
mycelium, and embedded in the decayed tissues of the stems, and sometimes of 
the roots, numerous black sclerotia (Fig. 15 b) are found, the presence of the latter 
confirming the fungus as the causal organism, as distinctive from the eelworm 
pest With the development of more and more sclerotia there is a complete 
rotting of the tissues, and the plants disappear, leaving, here and there, bare 
patches of soil, in which, however, the resistant sclerotia remain viable for years. 

While eelworm trouble and other undetermined factors are, no doubt, pro- 
ductive of much ‘ sickness ’ in certain types of soils, it is generally agreed that 
Sclerotinia trifoliorum plays an important part in clover rot disease. This 
organism must not be confused with another type of Sclerotinia which was first 
found on seeds of white clover [T. repens) imported to England and described 
by various authors This seed-borne type is believed to be a different 

species (it has much smaller sclerotia and apothecia (Fig. 40 b)), and as it may 
form its sclerotia actually on the seeds there is little doubt that the disease 
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caused by it is carried by the seed. But there is no weight of evidence that clover 
rot due to S. trifoliorum is ever started in this way from seed infection, though 
spores resembling those of S. trifoliorum have been found on a few samples of red 
clover seed It jg quite possible, however, that sclerotia of S, trifoliorum are 

often harvested along with clover herbage and become an admixture with the seed, 
and may thus, by the sowing of unclean seed, be returned to the soil, in which case 
they undoubtedly start infections, but they do not develop on the seed of red 
clover 25), 

The whitish mycelium of the clover rot fungus covering the plant may some- 
times bear clusters of small, spherical cells or microconidia 2 to 4 /x in diameter ; 
they are abstricted from flask-shaped cells on the mycelium and may also be 
produced on the germ-tubes produced by the ascospores, as well as on mycelium 
in artificial cultures These small conidia are apparently functionless as in- 

fective agents, and it has been suggested that they may act as fertilising male cells 
during the development of the apothecia It has been established, however, that 
apothecia may also be developed from monosporic lines of the organism . 

in other cases mycelial anastomoses have been observed, so that union between 
strains which may be sexually compatible may also occur prior to the formation 
of apothecia Several authors report the existence of physiologic races of 

5 . trifoliorum^ and host specialisation also occurs 20) Fig. 58.) 

The fungus may be cultivated on a wide variety of media, e.g. bread soaked in plum 
juice < 24 )^ or clover leaf decoction ; the general appearance at temperatures of 14” to 16° C. 
is that of a whitish mycelium, the hyphae measuring from 5 to iz fx wide, with much 
branching and anastomosing ; sclerotia are commonly produced from small masses of 
mycelium which soon change into olive-green and finally black ; sclerotia are irregular in 
shape and vary from the size of a pea to that of the smallest of clover seed, on some media 
(Fig. 15 b ) <26, 28) Sclerotia in the field occur chiefly in the spring, on the crowns and 
upper parts of the root-stock, embedded in the moribund tissues of epidermis and cortex ; 
on the stems of mature plants they may sometimes be found at a height of 20 to 40 cm. 
above ground, and may thus quite easily 
be collected at harvest -time and become 
mixed with the seed during threshing 
operations On the decay of the host 
plant the sclerotia fall to the ground or 
remain in the upper layers of the soil or 
may lie as deep as 4 inches below the 
surface During the summer they lie 
dormant and may persist in a viable 
condition in the soil for 4 years or 
more 

During periods of moist cool weather 
in the autumn sclerotia germinate to 
produce apothecia, and during October 
and November apothecia are not un- 
common on old clover leys left un- 
ploughed, the sclerotia still remaining 
attached to dead roots or stems killed 



Fig. 230. — Clover rot (ScleroHnia trifoliorum). The 
apothecia on the ground ; inset, a stalked 
apothecium arising from a sclerotium (see also 
Fig. 15 b) (photo by Sampson & Western, 
Diseases of British Grasses and Herbage Legumes) 
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the previous winter. Apothecia may arise singly, or in number, up to 10 or more, from one 
sclerotium ; they are disc-shaped (Fig. 230) and elevated on stalks of varying height, but 
do not become fully expanded into typical saucer-shaped fructifications unless exposed 
to the light An expanded apothecium, yellow brown in colour, varies from 3 to 10 

mm. in diameter ; the hymenium consists of numerous 8-spored, club-shaped asci, with 
paraphyses ; the ascospores are hyaline, unicellular, elliptical, and, according to various 
authors, vary in dimensions thus : 15*23 by 8-17 ju, ; 14 to 18 by 8 jit ; 12 to 14 by 
S fjL < 29 ), Ascospore discharge and wind dispersal of the spores take place during mild 
autumn weather. 

New infections of clover crops are believed to originate from ascospores, but 
under natural conditions in the open it is not at all clear that they are eflFective 
unless the host plant is injured or already in a weakened condition 27), 

Though primary infections with ascospores are probably accomplished in the 
autumn by penetration of the outer leaves, the symptoms of disease in so far as 
they are manifest on the crown are not seen until several months later, when the 
leaves affected in the autumn have been killed. In the spring the tissues of the 
crown are much depleted of food reserves and the young growth is, therefore, in 
a condition which renders the tissues liable to attack. After the fungus has killed 
the leaves it progresses into the petioles and thence into the crown, which, once 
infected, allows the fungus to travel up into other shoots on the stool and, perhaps, 
down into the roots as well. As the tissues disintegrate the fungus breaks out at 
the surface of the decaying parts of the crown, or roots, and with the development 
of the sclerotia in these regions the life-cycle is complete. While the sclerotia 
themselves have not been observed to produce vegetative mycelium in the soil, 
yet such mycelium may exist saprophytically on clover debris for a good part of 
the year, but to what extent it can survive in the soil is not known. However, in 
Denmark, in 1942, mycelium from clover debris was observed to creep over damp 
soil, and there is little doubt that in the absence of apothecia and ascospores, spread 
by mycelium can sometimes take place It is recorded that both ascospores 

and mycelium, when kept comparatively dry, still remained viable after seven 
months, but there is no evidence to show how long they are capable of withstanding 
competition under ordinary conditions with other micro-organisms in the soil ), 

The disease is especially favoured by mild winter conditions, and is appreciably 
checked during periods of dry or frosty weather 19, 27), The minimum, 

optimum, and maximum temperatures for the growth of the fungus are 0°, 15° to 
20^, and 30° C, respectively. While both acid and alkaline conditions of the soil 
can be tolerated, growth is best under an acid reaction of/>H 5*5 There is 

no definite correlation between soil-texture and incidence of disease bs, 16)^ 
some have observed the trouble to be more prevalent on permeable and chalk 
soils than on heavy land ^^i). 

The most important method for the control of clover rot lies in the lengthening 
of the rotation over a period that will ensure the decay of the long-lived sclerotia 
and clover debris in the soil, and an interval of from eight to twelve years has proved 
not to be too long before red clover can be ^restored with safety. Growth of this 
plant is not improved by any methods that open up the texture of the soil, and 
since a loose soil is also conducive to the welfare of the parasite, distinct improve- 
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ment can be obtained by rolling and consolidating the ground. Further, since the 
disease is prone to appear when growth is dense and encouraging to high humidity, 
luxuriant growth should be kept down by sheep-grazing, especially during the 
autumn months, a practice which also helps in trampling down and consolidating 
the ground. Excessive use of nitrogenous manures should be avoided, and lime, 
potash, and phosphates applied to induce strong growth The disease is apt 
to be more prevalent when the crop is sown among oats rather than rye, and it is 
the experience of some farmers that clover rot is especially liable to break out when 
clover is sown among wheat which has followed beans In the rotation 

interval sainfoin, trefoil, alsike, or white clover, owing to their infrequent suscepti- 
bility, may be grown alone or with Italian rye-grass, and peas may also be grown 
As the sclerotia in the soil are primarily responsible for initial infections, deep 
ploughing is recommended, as sclerotia do not produce apothecia at depths of 
3 inches or more in the soil If there is any suspicion of the presence of sclerotia 
among the seed a method devised for their elimination is to mix the seed sample 
with iron powder, which by virtue of adhering only to the sclerotia may be extracted 
by an electro-magnet ; or the mixture of seed and sclerotia may be shaken up in 
a 23 to 24 per cent, solution of potassium chloride, in which both sclerotia and 
defective seeds come to the surface and can be skimmed off, while the good seeds 
sink ; the latter should then be washed and dried quickly ^23), 

A considerable reduction in the incidence of clover rot has been attained by 
constant selection and adoption of varieties of clovers which have proved to be 
best suited to a particular environment ; foreign varieties appear to be more sus- 
ceptible than home-produced kinds. Breeding experiments on resistance to clover 
rot are hampered by many difficulties, such as the appearance of new physiologic 
races, the varying degrees of pathogenicity exhibited by certain races of the parasite 
in different localities, the sporadic nature of epidemics, and the difficulty of sub- 
mitting the material to a sufficiently severe form of infection ^7), 
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Leaf Spot of Clover, Pseudopeziza trifoHi (Fr.) Fuckel. 

Leaf spot disease is very common wherever clover is cultivated, and in Britain 
early varieties of red clover appear to suffer more than the kinds which mature 
later It also attacks lucerne, and is often locally abundant on white clover, 
alsike, trefoil, and crimson clover In America, where it is considered to 

cause more serious economic losses on red clover than in Britain, it has a wide 
geographical range, especially in the Northern States and in Canada ; the disease 
is also recorded from Russia, Italy, Belgium, Germany, and South Africa 

The spots on the leaves are variable in size and colour and may range from tiny 
specks up to 2 to 3 mm. in diameter. They may appear at one or both leaf surfaces, 
and quite commonly at exactly opposite points on the leaf, as spots of a dark- 
reddish, purple, drab-olive, or black colour (Fig. 231). A characteristic feature 
is the irregular fringe-like margin of the spotted area seen when the leaf is examined 
by transmitted light, but this feature may be absent if the weather has been dry 
for any length of time. The spots are practically confined to the leaves, but some- 
times small, elongated dark streaks may also be seen on the leaf petioles and less 
frequently on the stems. On the spots, after a rainy period or in moist weather, 
tiny amber-coloured discs raised slightly above the level of the leaf epidermis 
appear, which are the apothecial fructifications of the fungus causing this disease. 

The organism causing leaf-spot disease of clover was first described in 1816 as 
Ascobolus trifoliiy but with the creation of the genus Pseudopeziza in 1869 the fungus 
was called P. trifolii (Fr.) Fuckel. So far as is known, no pycnidial or conidial stage is 
developed ; the small, jelly-like erumpent apothecia contain a dense hymenium of asci 
and paraphyses (Fig. 41) ; the ascospores are unicellular, ovoid, 10 to 15 by 4 to 6 /x 
in diameter. 

The disease is favoured by wet weather in the autumn, and is severe under 
cool, humid conditions when growth is luxuriant. The fungus over-winters on 
affected leaves which have managed to escape complete decay, and from a renewal 
of spore production from the apothecia on them, fresh discharges of ascospores 
bring about primary infections, and newly infected leaves in turn produce their 
apothecia and spores 

Early infections within the leaves are laid down here and there within the 
sub-stomatal cavities, and take the form of sijniall coils of mycelgim in which the 
hyphae, travelling both intra- and intercellularly, consist of uninucleate cells, but 
those of the ascogonial coils developed below the stomata are multinucleate, and 
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it is in these situations that the apothecia 
arise. From apothecial initials arising at one 
or other side of the leaf, one or more ascogonial 
branches may travel directly across the meso- 
phyll towards sub-stomatal cavities on the 
opposite side to give rise again to apothecia, 
a process which may account for the frequent 
occurrence of groups of apothecia on both 
sides of a leaf, at the same spot. During 
their development the young apothecia become 
delimited from the surrounding and disin- 
tegrated leaf tissues by the formation of much 
black pigment which gives the spots their 
colour, and towards maturity the fungal cells 
of the sub-hymenium increase considerably in 
bulk so that the apothecia are raised up, the 
tips of the asci and paraphyses impinging 
closely against the leaf epidermis, which is 
finally broken through for spore discharge \ 

Little is known about any practical methods for controlling leaf spot disease. 
It appears that the varieties Vale of Clwyd, American Medium, and Bohemian 
are less susceptible to it than Italian, French, Swiss, and Silesian varieties. There 
is no evidence that the disease is carried by the seed 
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Fig. 231. — Leaf spot of white clover 
{Pseudopezisa trifolii). 'The symp- 
toms on a leaf of white clover 
(photo by Sampson & Western, 
Diseases of British Grasses and Herb-- 
age Legumes) (see Fig. 41) 


Violet Root Rot of Clover, Helicobasidium purpureum Pat. 

‘ Violet root rot * disease, so called from the colour of the fungal mycelium 
creeping over the basal parts of the shoots and roots, has long been known on a 
wide range of hosts. These include many of economic importance, e.g. clover, 
lucerne, trefoil, black medick, mangold, beet, potato, celery, asparagus, shallot, 
sea-kale, carrot, strawberry ; ornamental plants, e.g. poppy, phlox, crocus ; some 
trees, e.g. sitka spruce, sycamore ; and several weeds, e.g. nettle, dog’s mercury, 
cornmint, meadow grass, speedwell, knotgrass, and others s, 6 , 9, 10, 12) 

The disease is widely prevalent in many parts of Europe and America. The 
first record of its occurrence on clover in Britain was made in 1922, on dead 
stubble of a previous oat crop in which red clover had been sown Clover 
plants suffering from the disease are stunted in growth, the outermost leaves turn 
a sickly, yellow colour, wilt and die ; in the young shoots at the centre of the crown 
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Fig. 232. — Violet root rot of clover (Hehcobastdmm 
purpureum). Red clover showing the fructifi- 
cations of H. purpureum on petioles and stems, 
at ground-level, and infection cushions of 
Rhtzoctoma crocorum on the tap root (photo 
by Buddin & Wakefield, Trans. Bnt. Myc. 
Soc.) 

new adventitious roots are developed from 
disease. 


many petioles and stipules are of a 
bright red colour, while the leaf 
blades remain pale green or yellow. 
A closer examination shows that many 
of the affected plants are already 
covered at the base with the charac- 
teristic coloured mycelium of the 
fungus causing this disease (Fig. 232). 
But the trouble is essentially a root 
rot, and if affected plants are dug 
up, the purple mycelium, tinged with 
white at its advancing margin, may 
be seen just above and below soil- 
level, closely investing the roots, and 
even covering the soil, stones, and 
plant debris in the near vicinity. On 
the surface of the root the fungus 
gives rise to small aggregations of my- 
celium known as ‘ infection cushions *, 
and to minute black sclerotia by 
means of which the fungus survives 
for long periods in the soil. 

In severe infections of clover, the 
root system becomes dark-coloured, 
soft, and rotten, and with the collapse 
of the shoots the latter soon become 
covered over with mycelium, and the 
plants are killed. In cases of lighter 
infection, however, plants may often 
recover if, by stimulation of growth, 
be crown to replace those lost through 


The fungus of violet root rot has long been familiar merely as the coloured, sterile 
mycelium called Rhizoctonia violacea, later changed to R, crocorum ; the perfect stage, a 
Basidiomycete, first described under the name Hypochnus purpureus, was placed, in 1885, 
in a new genus, Helicobasidium, on account of the characteristic way the basidia are bent 
like a crosier, the new combination being styled H. purpureum (Fig. 233). The basidial 
fructifications bear little resemblance to any type of sporophore in the higher fungi, and 
consist merely of ill-defined, spreading mats of felted hyphae, purplish like the vegetative 
mycelium and paler around the margin where growth and extensions occur, the whole 
body, however, changing with age and finally, after drying out, acquiring a drab cinnamon 
colour. The hymenium consists of a diffused layer of curved basidia which are septated 
into 2 to 4 cells, from each of which a single sterigma bearing a basidiospore arises, but 
usually only 2 or 3 sterigmata are developed ; the latter are 10 to 15 up to 35 fx long by 
3*5 to 4*0 fjL wide at the base, and the hyaline, ovate, usually somewhat reniform basidio- 
spores vary from 10 to 12 (to 15) by 6 to 7 ft ; the spores at maturity are usually binudeate 
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(Fig. 233 A, B, c). These fructifications are of brief duration, but may often be seen from 
the end of March till the close of May if warm, moist conditions prevail during this 
period 

Growth in artificial culture may be started from mycelium, infection cushions, mass 
inoculation by basidiospores, or from the minute black sclerotia, on a variety of media. 
The slow-growing mycelium, at first colourless, but soon changing to violet, consists of 
slender, septated hyphae, 4 to 6 /x wide, which branch and interweave to form a matted 
mycelium. There are several strains of the organism, and some of these produce, but 
only in culture (Fig. 233 d), tufts of unbranched conidiophores 25 to 35 by 4-5 to 5*5 /x, 
bearing conidia which are usually globose, from 10 to 16 jit in diameter, but sometimes 
elliptical or ovate, from 10 to 18 by 9 to 15 /x ; the conidia are binucleate (Fig. 233 i-) 
Growth is favoured at room temperatures up to 25"" C., but beyond this degree progress 



Fig. 233. — Helicobasidium purpureum. A, vertical section of sporophore showing hymenium and 
part of sub-hymenial tissue ( x 450). B, two basidia. C, basidiospores ( x 500). Z), a conidial 
form {Tuber culina)t as developed in pure culture (a strain from red clover) ; <2, portion of 
conidial layer of pustule ; 6, isolated conidiophores ( x 500). J?, conidia from pure culture 

{Urtica strain) ( x 500). F, conidia showing two nuclei. G, conidia formed in old cultures, 
not in definite pustules {Urtica strain) ( x 500). H, germination of ‘ TubercuUna* conidia 
( X about 350). /, Rhizoctonia crocorum^ conidia developed in culture (of mangold stram) 

( ^ 500) (after Buddin Sc Wakefield, Trans. Brit. Myc. Soc.) 


Q 
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is soon checked because of early staling of the medium In old cultures, bodies 
resembling sclerotia may be seen as the medium dries out ; the perfect Helicohasidium- 
stage has not been produced in artificial cultures. Very little appears to be known about 
the existence of conidia under natural conditions, and of the possible r 61 e of conidia and 
basidiospores in natural infections. Artificial inoculations have been successfully per- 
formed with certain strains of Rhizoctonia^ with pieces of the infective cushions, and in 
a few instances with Helicohasidium spore cultures 

Survival of the fungus is effected by the sclerotia, and probably by resting 
mycelium, left behind in the soil after the death of the host tissues. By virtue of 
the infection cushions developed on the surface of the roots, the fungus is apparently 
capable of penetrating the cork layers of the root in the same way as it attacks 
the potato, through the suberised skin of the tuber In another investigation 
of the mode of penetration of the potato tuber by the same fungus, it is stated that 
the investing hyphae enter the tender epidermal cells of young buds on the tuber, 
or young apices of the growing sprouts, and that root infection occurs by hyphal 
penetration between epidermal cells 

As above stated, the fungus is extremely slow of growth in culture and the 
same applies to its development within the host. Young plants grown from seeds 
of red clover sown in sterilised soil in July, after being inoculated by applying a 
pure culture of the fungus to the roots on 3rd September, showed many of the 
plants by nth April typically attacked by violet root rot, and infection cushions 
were observed both on the tap roots and on some of the lateral roots \ 

A high degree of humidity is necessary for the progress of this disease in the 
field, but a sandy, well-aerated soil is more favourable than a heavy soil, though a 
certain degree of moisture must always be present to maintain the delicate mycelium 
in growth on soil and plant debris. The organism survives from season to season 
in the soil as sclerotia, and probably persists also for variable periods practically 
all the year round on one or other of its numerous weed hosts, but whether 
as sclerotia, resting mycelium, or spores is not known. Some strains of the 
organism, from different hosts, vary considerably in virulence, while others 
appear to be non-pathogenic or only feebly parasitic on clovers, but their existence 
on common weeds of cultivation must always be considered a menace to clover 
crops 

Owing to the wide occurrence of the fungus of violet root rot on so many hosts, 
and the persistence of the sclerotia over undetermined periods in the soil, its 
eradication is obviously very difficult. Fortunately, the disease is not serious in 
Britain, and long rotations with non-susceptible crops will help to starve the 
organism out of the soil. 
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Clover Scorch, Kabatiella caulivora (Kirchn.) Karak. 

‘ Scorch ’ disease attacks mainly red clover, though alsike, white, and shaftal 
clovers may be artificially infected It is responsible for a considerable loss of 
leafy shoots and, by attacking the stalks of the flower-heads, interferes greatly with 
seed production. The disease is fairly common in Britain, especially in the wetter, 
seed-growing districts in the west. It occurs in many parts of Europe 
in Canada, and the northern areas of the United States where it is apparently 
more harmful than in other parts 

The disease causes a blackening and breaking of the stems and withering of 
the leaves, and affected clover fields as a whole appear as if scorched ; injured 
leaves soon wilt, become dry and brown but may still remain attached to the 
plant (Fig. 234). Fresh shoots which are developed prematurely to replace those 
lost through disease are also in turn attacked and destroyed. Sometimes when a 
second cut of the crop has become established it may suffer even more severely 
than the first Farm crops of clover are sometimes infected in the first seedling 
year but in general the disease attacks the plants in the first harvest year ). 

First symptoms of scorch on the stems consist of small, elongated, ellipsoid, 
light-brown spots with a rather wide, dark-brown or black margin, and may later 
vary in length from ^ to 3 inches, or more. They are sunken and shallow at first, 
but may soon become quite deep so as to penetrate into the central cavity of the 
stem, and as these lesions become dry, the sides tend to roll inwards and the slits 
open wider. Frequently only a part of the stem may thus be destroyed on one 
side, but sometimes the entire stem may be completely girdled by a more shallow 
depression, with the result that the stem collapses to the ground and all leaves and 
shoots above the lesion are killed. Similar lesions develop on the petioles, and as 
these are generally of the girdling 
type the leaflets hang limply and 
wither for lack of water ; occasionally 
such girdling lesions may be seen 
on the short stalks of individual 
leaflets (Fig. 235) Spots on the 
leaves are dark-coloured and are 
clearly defined on both surfaces. 

Lesions which occur on the stalks of 
the flowef-heads interfere greatly 
with the development of the flowers 
and seed production 

Scorch is caused by Kabatiella 
caulivora (Melanconiales) . Sporulat ion 
from small white pustules is profuse on 



Fig. 234. — Clover scorch {Kabatiella caulivora). 
Red clover affected with scorch (photo by 
Sampson, Trans. Brit. Myc. Soc.) 
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all lesions. Unicellular, oblong, slightly 
curved conidia are borne in clusters of 3 or 
more at the ends of broad, blunt conidio- 
phores. The conidia are hyaline and 
measure from 8 to 24 by 2-5 to 4*5 
(average, 14*6 by 3-5 /x) In cultures, 
smaller-sized spores within pycnidia have 
been observed, but neither these nor a 
perfect stage in the life-history of this 
organism has so far appeared under natural 
conditions Growth in culture pro- 

duces colonies of a slimy consistency, the 
cardinal temperatures for growth of the 
mycelium and germination of the spores 
being 4°, 2o'\ and 28° C. 

I'he fungus remains alive in infected 
leaves in the field during the winter, and 
is believed also to be capable of surviving in the soil While there is no evidence 
that the disease can be carried on the seed, it has been shown experimentally that 
conidia may survive on dry seed for at least eighteen months and are capable of 
infecting the cotyledons and first leaves of the seedlings But infected leaf 
stalks bearing spores have been collected in the open as late as December and 
the fungus was found to tolerate temperatures considerably below freezing 
point (7). The spores from the over- wintered leaf stalks infect neighbouring 
plants and young seedlings. Inoculations of young shoots by spraying them with 
a spore suspension showed that the fungus travelled for some distance between 
cuticle and epidermis before passing in between the deeper cells which soon 
developed browned walls and blackened contents. The mycelium is scanty until 
the host tissues are destroyed, when coarse strands are formed, which eventually 
give rise almost directly to the widely dilated conidiophores already mentioned, 
so that no stroma is developed, the broad conidiophores running more or less 
parallel with the epidermis before finally breaking through to the surface ^7); 
no setae are formed 

The disease is favoured by humid conditions such as prevail when the crop is 
too densely grown. In certain areas it breaks out periodically after years of absence 
and appears to be stimulated by wide fluctuations of temperature, with moderate 
but frequent rainfall 

Different strains of red clover vary in their degree of resistance to scorch. In 
general, Italian and French, and English Broad Red clovers suffer severely, while 
Early Vale of Clwyd, English Late, Montgomery, and Cornish Marl are not so 
heavily attacked, and the most promising method of control lies in a selection of 
new strains, showing still greater resistance ^5). More distant planting, mowing, 
and rotations, or mixing with resistant or immune types such as alsike and white 
clover, will help to reduce the amount of disease ^7). 
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Fig. 235. — Clover scorch. Stalks of the three 
leaflets of a leaf of red clover ; tw'o are 
attacked by K. caulivora ; the third is free 
from disease (photo by Ware). Inset, an 
acervulus of the fungus on red clover (photo 
by Sampson, Trans. Brit. Myc. Sac.) 
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Choke Disease of Grasses, Epichloe typhina (Fr.) Fr. 

This disease, which affects the development of the panicle or inflorescence, is 
very common on many kinds of hedgerow and pasture grasses in Britain. It is 
not found outside the Gramineae and seldom occurs on cereals, but in 1921 it was 
reported in the Soviet Union of Russia on wheat and rye as well as on pasture 
grasses ; it is not common in America. While it has been reported in some 
years and localities to cause considerable damage to certain kinds of pastures it 
does not usually reduce the amount of herbage, and appears to do little harm to 
pastures generally. Its economic importance lies chiefly in that, by destroying 
the panicles before seed formation in some types of grasses, and in others by 
establishing infection of the seed itself, it affects adversely crops cultivated for 
seed production 6) 

The disease stifles the development of the panicle, ‘ choking ’ it while still 
enclosed in the leaf sheath, and generally preventing its emergence. But its effect 
is not the same on all grasses. In some types investigated, namely cocksfoot 
(flactylis glomerata) and red fescue (Festuca rubra), the disease in cocksfoot entirely 
inhibits the emergence of infected panicles from the sheath, so that no seed is 
formed (Fig. 236 b), but in the case of fescue, in which infected panicles are not 
prevented from emerging, all grades of infection of the inflorescence may be found 
(Fig. 236 c), from stages where the panicles have, by rapid growth, entirely out- 
paced infection travelling up the stem, the panicles remaining fertile, to the other 
extreme where infection has all the time kept pace with host development, infection 
being found in all parts of the flower, seed included. Infection in fescue, and prob- 
ably in many other grasses susceptible to ‘ choke \ is therefore systemic, cul- 
minating in the production of infected seed which transmits the disease 7)^ 
But in all cases infection resides within the host, the fungus perennating in the 
rhizome and vegetative organs, in which it may remain latent for variable periods 
before reproduction. In perennial grasses, like cocksfoot, the disease appears to 
spread exclusively by vegetative propagation of the plant, while in others, like 
fescue, transmission by infected seed appears to be the rule. An instance is re- 
corded of a single plant of cocksfoot supplying, when broken up, 287 propagants, 
all of which, with one exception, produced the disease in the following season ^3). 

‘ Choke ’ is caused by the Pyrenomycete Epichloe typhina. Conidial and peri- 
thecial fructifications are formed, in sequence, on the same stroma on the surface of 
the leaf sheath ; and although the fungus is perennial within the host, the reproduct- 
ive phase lasts only for about three months, and only during this period can the 
disease be detected by the casual observer in the field (Fig. 236). 

Infected plants of cocksfoot, from May to July, are seen to be well distributed 



Fi®. 236.— Choke (Epichloe typhina). A, the conidial stage on Agropyron repens, B, the perithecial 
stage on Dactylis glomerata. C, on Festuca rubra ; note partial development of the inflorescence 
on the specimen on extreme right. D, on Hokus mollis ; note the extrusion of an aborted 
inflorescence, a common feature of the infection in this grass. E, on AgrosHs canina (C 
photo by Sampson ; D, by Walton^ * 
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throughout the field. The infection is not usually visible on this host during its 
first harvest year, and even during the second year of growth some panicles are 
not prevented from producing viable seeds, but by the third year the disease has 
got such a hold on the plant that infected panicles are entirely suppressed. It is 
clear, therefore, that infection remains latent within the host for several years, no 
external symptoms of disease appearing, until the plant presumably has reached 
a certain state of maturity It is very unusual for cocksfoot to extrude an 
infected inflorescence, and when on rare occasions infected plants of this host 
produce panicles in the same manner as healthy plants, the inflorescences are 
(with very few exceptions) normal and healthy, producing sound seed. The 
first external sign of infection consists of a delicate white mycelium covering more 
or less completely the entire leaf-sheath of a young tiller, and if the shoot is severed 
in this region the mycelium is seen to clog all the parts like a packing of fine wool 
within which the axis of the suppressed panicle has been trapped (Fig. 237). The 
young panicle failing to emerge degenerates within its sheath. In red fescue, 
however, and more rarely in other species, the panicle is usually extruded only to 
be covered with white mycelium, the same as on the leaf sheath. The external 
mycelium in all cases forms a compact, white, smooth, and waxy stroma on which 
conidia are developed first (Fig. 237) and perithecia after (Fig. 238). The first 
appearance of the conidia on the leaf sheath usually coincides with the exsertion of 
panicles on healthy plants. 

The conidia, arising on fine, undifferentiated hyphae, are small, elliptic, and hyaline, 
from 4 to 5 by 3 in diameter. With the disappearance of the conidia the same stroma 
increases in thickness, turns yellow and then orange, and develops a large number of 
sunken, densely aggregated perithecia, each furnished with a papillate ostiole. Each 
perithecium is closely filled with long, somewhat curved, club-shaped asci ; each ascus is 
8-spored, with filiform, multiseptate ascospores about 2 jjl in diameter, almost as long as 
the ascus (Figs. 42 c, 237, 238). 

The fungus grows well on a variety of media and goes through the whole 
cycle, producing conidia and perithecia, but the latter fail to produce ascospores. 
Conidia collected from Glyceria nervata in Michigan in the Autumn of 1928 were 
viable for 10 to 14 days and apparently functioned as soon as they were exposed, from 
the sheath ; they were observed to germinate in 15 to 18 hours, at 18° to 21° C. 
but light retarded their growth The production of perithecia on the natural 
host is highly variable and appears to be influenced in part by the type of host and 
in part probably by particular strains of the fungus, for there is evidence that the 
disease is not biologically identical on all its hosts Thus, it is characteristic 
of the fungus on cocksfoot to produce perithecia in abundance but on red fescue 
these fructifications are comparatively rare ; and we have seen that while red 
fescue spreads the disease by planting of infected seed, transmission in cocksfoot 
is mainly from infected propagants, seed infection in this plant being exceedingly 
rare <3. 6)^ 

Though conidia and ascospores germinate easily in artificial culture, it is re- 
markable that neither kind of spore appears to be capable of reproducing the 
complete life-cycle of the parasite on any of its host plants. Since the conidia are 
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produced in great profusion at the time of flowering, it might be thought that 
direct infection of the flowers might possibly take place at that time, but this, 
seemingly, does not occur. Moreover, Epichloe typhina matures its ascospores so 
early (in cocksfoot they are ready for discharge at end of June, about a month 
after the first appearance of conidia) that these spores, too, might be expected 
to infect the flowers ; but there is no definite evidence that the panicles are directly 
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infected in this way, and healthy plants growing together with infected ones have 
not been seen to contract the disease Grasses in general are, of course, exceed- 
ingly variable with regard to the period of flowering and duration of anthesis, and 
the opportunity for infection at time of pollination, though brief, may yet be long 
enough to set up primary infections in the field. Though the perithecial stromata 
of Eptchloe appear to be ill-adapted for over-wintering of the fungus (the asco- 



Fio 238 . — Eptchlot typhina Transverse section of cocksfoot, Dactylts glomerata^ showing the 
penthecial stage ; top, details of the penthecia, showing long narrow asci with needle-shaped 
ascospores (see also Fig. 42 c) 
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spores, in fact, being found not to be viable the following spring), it is suggested 
that since they mature during the summer they might sometimes infect the tillering 
buds at that time. If this is the case, mycelium probably remains dormant in these 
buds to produce the primary infections in the following spring Further 
information about the mode of initial infections with E, typhina is awaited with 
interest. 

The fungus is present in all parts of the vegetative host except the roots, and 
in all parts of the flowers. It occurs at all seasons in tiller buds, leaf blades, leaf 
sheaths, root-stocks, and may be found in creeping stems and bulbils of susceptible 
grasses possessing these diverse habits of growth (Fig. 96) \ The mycelium within 
the plant is not easy to detect as it consists of uniformly narrow hyphae (i to 2/x in 
diameter) which run their course for considerable distances in the host without 
branching, and cross-septa are infrequent. It is mainly intercellular in all tissues 
and, when it comes to the surface for stroma-building, it wedges apart epidermal 
cells, and may also be found at that time inside parenchymatous cells and xylem 
vessels. 

In such a type as red fescue, where the fungus finally enters the seed (Figs. 96 c, 
239), the mycelium can be found in the pith of the inflorescence axis, thence passing 
into all parts of the flowers, penetrating the rachilla, glumes and pales, filaments 
and anthers, and all parts of the ovary, even the branches of the style But all 
degrees of flower-infection are met with, thus stamens may be so badly diseased 
that no pollen is formed, or infection may only be present in the anther-wall 
leaving the pollen normal, and in other cases bits of mycelium and pollen mother- 
cells in active division may reside together in the same pollen-sac. The ovaries, 
too, may be similarly affected in greater or lesser degree. In the ovary the mycelium 
occurs mostly between nucellus and integuments ; in mature grains it is chiefly 
outside the aleurone layer, around the embryo, and may also penetrate the 
endosperm (Fig. 96 c). 

The above histological details have been established in connection with the 
systemic infection of red fescue. From planting of infected seed, infection is 


pr 



Fic. 239 . — EpicMoe typhina. At mycelium in the coleoptUe of a seedling of red fescue. B, the 
mycelium in the seed of same (photos by Sampson ; At Trans. Brit. Myc. Soc.) 
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believed to start during germination, from intraseminal mycelium lying near the 
embryo, and invasion is very complete even in plants which may show no signs 
of the fungus externally. In this host, therefore, the female parent is naturally 
the one to transmit the disease, but since the pollen may also become contaminated 
with the fungus whilst in the anther, it is not impossible that infection may be 
carried to the ovary at pollination, but this unusual procedure in plant infection 
has not been established here 

Little is known so far about the control of choke disease of grasses, but the 
production of healthy seed appears to be the first need. 
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Diseases of Turf, Calonectria graminicola Wollenw. ; 

Corticium fuciforme (Berk.) Wakef. ; Sclerotinia homoecarpa F. T. Bennett 

Grass seedlings, and various grasses which compose turf under intensive 
management on golf courses, lawns, sports greens, etc., are often attacked by 
various fungi. The commonest of these are Calonectria graminicola y an Ascomycete 
of the group Hypocreales, better known in its conidial stage as Fusarium nivalcy 
in its relation to the disease on grasses called ‘ fusarium patch disease ’ or ‘ snow 
mould ’ ; Corticium fuciformcy a Basidiomycete, causing ‘ corticium disease ’ or 
‘ red thread * ; and Sclerotinia homoecarpa, an Ascomycete (which rarely fruits 
in the open) causing ‘ dollar spot ’ disease. There are numerous other fungi, 
and probably many factors unconnected with fungal organisms, which are also 
responsible for the deterioration of ‘ managed ’ turf 


Snow Mould, Calonectria graminicola Wollenw. 

Snow mould of turf, so called from the white cottony masses of mycelium 
which cover leaves and stems of grasses attacked by Fusarium nivale, occurs on 
all types of ‘ managed ’ turf, but is rare on common turf consisting of indigenous 
grasses. In Britain this disease may be seen from May onwards, numerous in- 
fections occurring about September, but is not confined to this period 
The same fungus also causes a pre-emergence blight, a root rot, and less commonly, 
head blight of cereals. It is well known in Europe in the northern 

parts of the United States, and in Canada ^7, 8)^ 

The disease appears in small circular patches which vary from the size of a 
penny to areas of a foot or more in diameter, showing brown, dead or dying grass 
ih the centre, and extending in a yellowish border around. In old patches, young 
shoots may pierce the centre of the browner area and extend by growth so that 
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sometimes annular patches of the disease are found. The annual meadow grass 
{Poa annua) appears to be the worst attacked, followed by creeping-bent (Agrostis 
stolonifera) and the fescues, Festuca rubra and F, ovina. 

Under damp conditions the mycelium of F. nivale may be seen developing on the leaves 
and spreading from blade to blade, forming patches of a faint pink colour. The salmon 
or salmon-orange conidia arise in sporodochia, and finally become rufous in colour ; they 
are sickle-shaped, i- to 5 -septate, but mostly 3-septate, 22*5 to 25*5 by 3-25 to 4*1 
averaging 23-6 by 3*5 /x ; there are no chlamydospores Perithecia of CalonectriUy 
found on cereals, are sunken, free or gregarious, spherical, dark brown, 160 to 300/1 in 
diameter ; asci numerous and spindle-shaped are 50 to 60 /x in length, with long 
paraphyses ; ascospores biseriate, fusoid, 1- to 3-septate measure from 12-5 to 16 by 
2*8 to 3-5 /X 

The fungus appears to survive the winter as dark-brown mycelium embedded 
in grass residues, and is capable of withstanding very low temperatures, as low 
as -20*^ C. The optimum temperature for growth of the fungus in Britain is 
between 20'" and 21° C., with little growth at 32-5''. In temperature relations as 
well as in size of conidia, strains of this fungus on the Continent are clearly different 
from the British strain and appear to tolerate much lower temperatures, a feature 
which seems to justify the name ‘ snow mould * applied to this disease by Conti- 
nental authors who describe it on cereals covered over with snow. In artificial 
culture the pH limit for growth lies between 2-5 and 13-0, the optimum being 
between 6-5 and 6*9 ; the spores cease to grow below pH 5*2. 

It is generally observed that snow mould frequently follows upon intensive 
treatment of the turf with nitrogenous fertilisers which encourage soft growth, 
and manures rich in soluble phosphates and organic nitrogen applied in the 
autumn also favour the disease. It is recorded that bowling-greens on sea-marsh 
turf in Cumberland and Lancashire — where the turf exists under naturally alkaline 
conditions and low nitrogenous supply — are adversely affected when leaching of 
lime and treatment with unbalanced dressings are resorted to. Such changed 
conditions render the greens very liable to attacks of snow mould 

The development of aerial mycelium and spores is greatly favoured by a moist 
atmosphere, and closely matted grasses which retain moisture are very prone to 
develop the disease. In Britain, cultivated areas in the south are more affected 
than in the north, one reason perhaps being the need for heavier watering of the 
greens in hot weather owing to the higher prevailing temperatures in the south. 
Greens surrounded by trees are often severely attacked and old-established turf 
where soil action is poor is more liable to develop snow mould than newly laid 
grass 

To check the disease, if the turf is v^vy matted and fibrous, deep forking and 
use of the spiked roller are advisable. Long gro'svth should not be left in the 
autumn, and instead of forcing with manures the greens shotild be kept rather on 
the poor side in regard to management. Treatment with fungicides such as 
Bordeaux mixture (with malachite green), corrosive sublimate, or calomel is also 
recommended. It is advisable to spray the whole green, preferably during dull 
weather or in the evening, after the customary watering, using preferably a knap- 
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sack sprayer ; malachite green, added in a dilution of i in 20,000 parts, with 
Bordeaux mixture reduces the disease and at the same time increases the vigour 
of the grass A distinct difference in susceptibility to snow mould has been 

found among various strains of Agrostis stolonifera, but little appears to be known 
about any other turf grasses except that in some localities LoHutn perenne has 
showed marked resistance ^*5), 


Corticium Disease or Red Thread, Corticium fuciforme (Berk.) Wakef. 

‘ Corticium ’ or ‘ red thread * disease is also a common trouble of lawns and 
sports greens. In Britain it may be seen usually from September to October, but 
may occur earlier or later according to the season, and may persist if the winter is 
mild. Sometimes the disease lasts only for a few days to a few weeks, causing 
damage only to the leaf tips and resulting in a mere thinning-out of the turf without 
doing any permanent harm, but at other times it is quite as serious as snow mould, 
persisting in patches which become brown, and later, bleached white as if killed 
by drought. 

Greens and lawns in which red fescue is dominant suffer severely from this 
disease, but other grasses, Agrostis tenuis^ Poa annua^ Lolium perenne^ as well as 
Holcus mollis y Bromus mollis ^ and Agropyron repens y are also affected. 

Corticium fuciforme y the causal fungus, grows on the leaves in a very character- 
istic manner, producing from a fine mycelium, pink coral-like threads or spicules 
projecting more or less at right angles to the leaf, each “ like a minute alga, about 
I inch long when dry ’’ These spikes, formed near the tips of the dying leaves, 
are gelatinous at first but later become dry and brittle and are easily detached. 
They consist of parallel, septated hyphae tinged pink, showing frequent ana- 
stomoses and clamp connections. Owing to their gelatinous nature they are 
frequently found to bind the blades and stems of grasses together and may so 
extend by vegetative growth as to spread the disease to other plants by contact. 

The fructifications of C. fuciforme consist of delicate gelatinous incrustations, here and 
there, on leaves and stalks of the host, forming a hymenium of slightly pink, clavate 
basidia with 2 to 4 stout, curved sterigmata, bearing pip-shaped (one-side depressed), 
hyaline, apiculate basidiospores which measure from ii to 12-5 by 5 to 6 /i 

The fungus exists in the turf in a more or less dormant condition ready to 
resume growth and to fructify when weather conditions are favourable. During 
periods of warm weather accompanied by heavy dews at night abundant mycelium 
is formed, but the fungus can also tolerate temperatures at, or just above freezing 
point, growth increasing, however, with rising temperature to a mean of about 
70° F. and ceasing at about 85° F., so that, while the fungus is checked by summer 
heat and winter cold it survives practically throughout the whole year 12). The 
hardened ‘ threads ’ or ‘ spicules ’ are highly resistant to desiccation and were 
found to be still viable after being kept dry for over two years 

The disease is reported to be frequent and severe in the southern parts of 
England on chalky or sandy soils, but elsewhere in Britain it seems to occur on all 
types of soils 
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Corticium disease does not appear to be influenced by any manurial treatment 
on the lines indicated above in connection with snow mould. Vigorous growth 
of the grass should be encouraged and the same spraying treatment with Bordeaux 
mixture and malachite green, as mentioned above, should be carried out before 
the disease appears The fine-leaved sheep’s fescue appears to be more resistant 
to this disease than the creeping red fescue 


Dollar Spot, Sclerotinia homoeocarpa F. T. Bennett 

This disease of turf is also fairly common throughout Britain, especially during 
periods of mild weather in the autumn. Circular brown spots about 2 inches 
in diameter may develop separately or fuse together to form irregular patches 
which eventually turn white. The fungus Sclerotinia homoeocarpa causing ‘ dollar 
spot ’ exists in a number of strains only, some of which produce the characteristic 
apothecia, which, however, are rarely found in nature. The mycelium consists of 
reddish-brown masses and the sclerotia are of variable size and texture. The 
apothecial hymenium consists of numerous asci containing hyaline, oblong- 
elliptical ascospores which measure from i6 to 17 by 5*2 to 6-5 /x 
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DISEASES OF POTATOES AND ROOT CROPS 


Black Leg of Potato, Bacterium phytophthorum (Appel) Burgwitz 

This bacterial disease causes a soft decay of the tubers and lower parts of the stem 
of the potato. It has been variously called ‘ black leg * (8) ‘ basal stem rot * 
and ‘ black stalk rot ’ Though not usually serious or epidemic in the field, it 
may cause considerable losses in storage clamps. It occurs in most parts of 
Europe, the United States and Canada. In Britain, it is reported to be more 
troublesome in the northern than in the southern parts of the country 

The disease usually breaks out at random in the crop, at any stage in the 
germination of the seed tuber, and plants may become affected up to a late period 
during the growing season. Affected plants may be detected by an unnatural 
stiff, stunted appearance of the haulms which are not so pliant as the normal stems, 
and the branches tend to grow upright instead of spreading out in the usual manner. 
Moreover, the topmost leaves often shine with a bright metallic lustre and have 
the margins curling inwards ^*7)^ The plants soon turn a sickly, pale-green or 
yellow colour, wilt and die. At and below soil-level affected haulms are jet black 
in colour, but all the shoots of a plant are not necessarily diseased, though they 
often are, and in many cases apparently healthy stems and infected ones may grow 
from the same tuber. If the soil around the blackened shoots is cleared away, 
the black discoloration is seen to be continuous right down to the old seed tuber. 
Sometimes the disease may progress so rapidly that the young sprouts oil the tuber 
are destroyed before they emerge out of the soil, or the seed tuber may not ger- 
minate at all, so that gaps are left in the drills. Usually, however, black-leg disease 
begins to appear when the plants are about 6 to 8 inches high, but other plants 
may be almost full size before symptoms are visible. In the former case, when 
the shoots are attacked at such an early age, the plants may perish before any new 
tubers begin to develop, and when they are attacked later, any new tubers that may 
have formed usually contract the disease through the ‘ heel * end where they are 
attached to the stolons. The heel end is, therefore, the first part of the new tuber 
to contract the disease and a brown discoloration or sometimes a grey metallic 
lustre of the skin may early be seen over this part of the affected tuber. 

In a wet season, black-leg disease is rapidly progressive and entire stools of 
tubers may rot in the soil, but this does not usually take place unless the soil is 
continuously wet, and only under water-logged conditions and heavy contamina- 
tion with infection does the trouble travel from tuber to tuber in the soil. The 
disease does not, therefore, become epidemic, and in comparatively light, dry 
soils, makes little headway. The greater ravages of black leg take place in storage, 
especially in wet, badly ventilated pits or clamps. Tubers to all appearances 
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sound when harvested may, especially if in- 
fected late in the season, harbour the disease 
at the heel end and, if such potatoes are placed 
in damp storage, decay sets in and the tubers 
become converted into a soft, watery mass 
from which bacteria ooze out to contamin- 
ate and infect sound tubers. Infection may 
take place either through wounds or abrasions 
in the skin, or fungal lesions, and perhaps 
through injuries caused by insects, or through 
lenticels. 

It is by no means certain how the disease is 
carried over from one season to the next. Seed 
tubers, unsuspected of harbouring the bacteria 
at time of planting, are believed to be one way 
of starting infection in the crop, for there is 
evidence that the causal bacteria are capable of surviving throughout the winter 
protected under the skin of the tuber. Apparently healthy tubers have been found 
to produce as much as 10 per cent, or more infection, while tubers from diseased 
plants when planted in clean soil seldom produced the trouble in the following 
season But there is increasing evidence that the organism is able to live in 
the soil over winter, being highly resistant to extremes of temperature and desic- 
cation 15, 16) Others state, however, that direct infection from contaminated 
soil occurs only in very heavily infested water-logged soils, the organisms being 
conveyed by drainage water from plant to plant. Ordinarily, however, the disease 
does not extend throughout the crop in this way 

The bacterial organism causing black-leg disease of potato is Bacterium phyto- 
phthorum but around its identity much controversy has, from time to time arisen 
9, II, 19, 21, 22, 24, 25)^ Numerous other bacteria are apparently also capable of causing soft 
rot of potato without, however, producing the identical symptoms of black leg set up by 
this particular organism. It is a small, rod-shaped germ measuring from 1*3 to i-8 by 
0*9 jLt, and is motile by peritrichic flagella, non-sporing. Gram-negative, aerobic and 
facultative anaerobic, gelatine liquefying and nitrate reducing ; it produces round, 
greyish colonies on agar. 

Infection of healthy tubers in contaminated soil may take place, as already stated, 
through wounds. During the germination of a seed tuber already infected, the 
bacteria, living mostly in the intercellular spaces of the superficial tissues of the 
tuber, multiply and pass into one or more of the growing sprouts, and so find their 
way into the stems, where they collect for the most part in the intercellular spaces 
of the cortex. The enzymes liberated by the bacteria into the host tissues travel 
up the stem considerably in advance of the organisms themselves, and the effect 
of the secretions, especially on the vascular bundles, is to cause a brown discolora- 
tion in the walls of the lignified elements ; this eflFect may be seen when the stem 
is cut across, the staining being more or less confined to the vascular cylinder. 
Beside their solvent action on the middle lamella, particularly of the cells of the 



Fig. 240 — Black leg of potato {Bac- 
terium phytophthorum) The disease 
in the tuber (photo by Foister 
& Noble) 
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pith and cortex, causing a disintegration of these tissues and setting up a soft rot, 
the bacterial by-products are also responsible for causing a brown discoloration 
and morbid condition in the leaves, causing them to wilt and die There is 
little doubt that the infection is systemic, for the browning can be traced right up 
to the growing apex of the shoot, and the discoloration extends all the way down 
the stem, forming longitudinal streaks corresponding in number and position to 
the location of the vascular bundles within. With greater exposure to the air, as 
by cutting open an affected stem or tuber, the infected tissues turn from brown to 
black, owing probably to the oxidation of the bacterial secretions (Fig. 240). A 
peculiar feature of diseased stems, which renders them more rigid than the stems of 
healthy haulms, is the greater development of fibrous tissue in the vicinity of the 
vascular cylinder and the increased amount of sclerotic cells in the cortex. There 
is also a greater deposit of protein crystals in the foliage leaves than in those of the 
healthy plant 

The organism attacks the host over a wide range of temperature, the optimum 
being about 26° C., but it can also withstand low temperatures, and, as stated above, 
is known to survive in the soil during an entire winter and to resist desiccation in 
artificially dried soil for eight months The fact that the parasite is capable of 
thriving in water-logged soil shows that it can adapt itself to anaerobic conditions, 
but these same conditions react unfavourably on the tubers, for in the absence of 
free oxygen, wounded tubers are unable to form cork to protect their wounds from 
infection, and this is one of the reasons why cut tubers planted in wet soil fall such 
easy prey to the disease 14, is). 

For the control of black leg disease, no seed should be saved from plants, how- 
ever lightly affected, for the least amount of infection in a tuber may be sufficient 
to start the trouble at planting. Tubers for seed should preferably not be cut 
unless duly exposed to the air so as to hasten suberisation. As a precaution against 
the conveyance of the bacteria in soil adherent to the tubers, it is recommended to 
steep the tubers for li hours in a solution of mercuric chloride (2 oz. per 25 gallons 
of water), or in formalin (i pint in 30 gallons of water) for 2 hours. It must be 
borne in mind that good storage begins at digging time, and all reasonable care 
should be taken to avoid injuring the tubers in lifting or handling 
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Common Scab of Potato, Actinomyces scabies (Thaxt.) Gussow 

Common scab attacks the tubers of all kinds of potatoes, late as well as early 
varieties. Although the effect is largely superficial, tubers are rendered unsightly 
and unacceptable for ‘ seed *. There is often considerable reduction in the yield, 
and the keeping qualities of the potato are impaired m storage. 

The disease is widely distributed, and has been extensively studied in 
Britain ^"^7-40)^ Europe, and America ^ \ In Britain, six, more or less distinctive, 
types of the scab are recognised : superficial ^ a mere russeting or abrading of the skin ; 
ordinary scab, the commonest form, showing concentric, wrinkled layers of the skin 
around a central depression ; pitted scab, deep depressions bordered by torn skin, 



Fig. 241. — Common scab of potato (Actinomyces scabies). Various types of lesions on the tubers 
(photos of top three tubers by McKay ; two tubers below by Millard) 
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a severe and unsightly 
form, frequently infested 
with bacteria and various 
soil microfauna 21)^ ^nd 
in which the fissures or 
craters may become joined 
together during develop- 
ment ; stud scab^ round 
swellings, with vertical 
sides ; tumulus scaby like 
the stud kind, but with 
sloping sides ; and pimple 
scaby of small, pimple-like 
growths (Fig. 241). In 
addition to any of these 
features, small nodules may 
be found on the roots and 
stolons, and browned areas 
may also occur on root- 
lets In the United 

States, only three types of 
scab are usually observed, 
commoHy deepy and russety 
and as two or all three of 
these may be found on the 
same tuber, the differences 
are believed to be due to 
variable degrees of patho- 
genicity of the organism 

rather than to the mode . .u 

P , . r 1 Fig. 242. — Different species of Actinomyces ; note the sponng 

or development 01 the terminal portions (after Millard, Ann. App. Biol.) 

lesion According to 

some observers, a particular type of scab appears to depend on the place of origin 
and the variety of ‘ seed features which are believed to modify the natural 
resistance of the tuber to the scab ^3)^ It is further stated that different varieties 
of potatoes may be attacked by different forms or races of Actinomyces, and not 
that each form or race of the organism can cause a particular type of scab irrespective 
of the potato variety A certain degree of soil reaction is also said to account 

for a particular type of scab, thus, below pH 5*4, Green Mountain and Katahdin 
tubers showed exclusively the superficial type of scab 

Common scab is caused by Actinomyces scabies y a member of the Actinomycetes, an 
ill-defined group showing characters common both to bacteria and fungi. Scraped off 
from the surface of a fresh lesion the organisms appear as a white or greyish film which 
soon dries on exposure to air It consists of a mass of simple or branched filaments 
which are non-motile, very narrow, from 0*5 to i /x in diameter, and septated at irregular 
intervals ; little is known about the nature of the cell contents (Fig. 242). Whether 




488 


SELECTED DISEASES 


PT. II 




Fig. 243. — Actinomyces scabies. Cross-section 
of a portion of the wound cork lining the 
margin of a moderate-sized pitted scab. 
A, collapsed cells. B, Actinomyces threads 
in basal wall, C, of a cell. C, basal wall. 
Dy wound cork meristem. thickened 
cell walls ( X 720) (after Powell Jones, 
Ann. App. Biol.) 


simple or branched, there is a characteristic 
spiral twist at one end of a filament or branch, 
and sporulation is confined to this region. 
The spores, abstricted in succession at the 
apex, look more like segments of the fila- 
ments than organised spores but at other 
times the segments cut off resemble conidia 
or resting spores, and probably these differ- 
ences are to be attributed to different strains 
of the organism ; no endospores are formed. 
The organisms are not easily stainable 
In culture the colonies are usually very small, 
white or creamy, but very variable in colour, 
irregularly star-shaped, or filmy-diffused ; 
on a dextrose-nitrate medium good growth 
was obtained from 8° to 38° C., the optimum 
being about 22° C. The organism is 
strongly aerobic. The degree of relative 
humidity for best growth on nutrient agar 
is about 33 per cent, saturation, and a limit- 
ing acid reaction for spore germination lies 
near pH 5*3, and 2 pH 8*5 is favourable for 
rapid germination of spores and general 
development. The spores are resistant to 
freezing for long periods without injury. 
All Actinomycetes are tolerant of desicca- 
tion, as indicated by their abundance on dry 
straw, hay, and arid soil. 

The parasite, whether in the form of 
filaments or spores, attacks young tubers 
at very early stages of development, and 
infection continues as long as the tubers 


are growing Indeed, the parasite 
appears to have a preference for plants with a high degree of vitality 
Penetration is by way of stomata or young lenticels and therefore occurs at the 
apical, growing end of the tuber, but at other areas too if previously 
wounded 33 a). Early signs of scab appear as small round spots, hardly 

more than i mm. in diameter and very difficult to distinguish from the lenti- 
cels, except that the lesions turn brown as they enlarge. The presence of the 
organisms in a young lenticel appears to stimulate the cells of the lenticel-meristem 
to more rapid division than occurs below an uninfected lenticel, so that most of 
the cells in the upper half of the lenticel become elongated in a radial direction, 
from the tangential meristem. These radially elongated cells are, unlike the 
normal round and loose cells of the uninfected lenticel, packed close together 
without intercellular spaces and, it is important to note, they are not suberised. 
All, or most of them, soon become occupied by the filaments of the parasite (Figs. 
243, 244), and the infected area increases in size by virtue of tangential and radial 
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Fig. 244. — Actinomyces scabies. Left, cross-section of a portion of a moderate-sized pitted scab 

showing the route by which the organism can penetrate beneath a suberised barrier. A, dark- 
stained collapsed tissue. J5, brown-stained walls along which the fungus probably travels. 
C, shaded cells containing Actinomyces threads. D, cells with suberised walls. £*, internal in- 
fected areas ( x 333). Right, cross-section of a very young scab (pitted type) ( x 66). Note at 
A-A-Ai lenticel meristem. All cells external to the dotted line contain the fungal threads (after 
Powell Jones, Ann. App. Biol.) 


divisions of the lenticel-meristem so that the number of elongated cells is increased. 
(Fig, 244, right). As more and more of the latter are formed, they become infected 
and, with the collapse of the older infected cells, the lesion at the lenticel is con- 
siderably widened. The development of the abnormally elongated cells appears 
to be a reaction of the host to infection, being in fact an attempt at the forma- 
tion of a cork barrier to delimit the lesion, but it is apparent that the development 
of wound cork in association with scab disease does not follow the samd sequence 
of events as in ordinary wound healing in the potato tuber Presumably, 
owing to the presence of the parasite, or to the infiltration of its by-products 
in interfering with, or otherwise delaying normal suberisation of the cork layers 
(Fig. 244, left), penetration of the imperfectly suberised cells is allowed to proceed 
and, consequent upon deeper infection, further meristems arise, one below the 
other, in repeated attempts at the erection of a cork barrier to check invasion. 
Eventually, however, as the tuber gets older, when possibly the influence of a 
principle which appears to inhibit suberisation becomes neutralised, complete 
suberisation of the last cork layers is established, and further inroads are checked. 
Progress of infection is, however, never very deep, except in some varieties 
and while a single barrier is often sufficient to check most types of scab, it is 
unusual to find more than three attempts at the formation of periderm before 
the innermost barrier is completely suberised and the lesion finally delimited. 
Owing to the development of these successive barriers, more and more infected 
tissue at the surface of the scab is thrown off, and if the tuber is still in active 
growth, no doubt further barriers would develop one below the other in the 
extending scab There is no evidence that the degree of suberisation of the 
lenticel meristem, in any particular variety of tuber, bears any relation to varietal 
resistance to the disease 
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Recent investigations in Vermont seem to indicate that the scab parasite may 
be more widely distributed throughout the tissues of the host than hitherto sus- 
pected. Parasitism appears to amount to systemic infection, the organism being 
found in the roots, aerial stems, leaves, and flowers 

Several factors are concerned in the incidence of common scab. They are 
chiefly soil texture, moisture capacity and temperature of the soil, hydrogen-ion 
concentration, nature of fertilisers, and the antagonism of other micro-organisms 
of the soil towards the parasite. Dry, gravelly soils with an alkaline reaction are 
almost invariably favourable to the development of scab, while an acid reaction 
greatly reduces the amount of disease Strong aerobism of the parasite demands 
a freely aerated soil, with a certain degree of moisture ; the disease is inhibited 
in soils having high moisture-content, and develops more actively on the return 
of drier conditions clay soils the disease is almost entirely absent during 

a wet season Recent experiments in America have shown, however, 

that in the absence of effective antagonism from associated saprophytes, scab 
may be severe in soils of high moisture content as well as in drier soils 
Common scab is more prevalent in regions where soil temperatures are compara- 
tively high during the growing season, and is reduced as the soil becomes cooler. 
Experiments at Wisconsin, using the same strain of potato, showed the amount 
of disease to increase with rise of temperature, the percentage of scabbed tubers 
being 6-25, 13*23, and 30*55, at temperatures of 19°, 21®, and 25° C. re- 
spectively Owing to alkalinity of the soil being favourable to the disease, 

fertilisers and other materials which tend to produce an alkaline condition should 
be used with discretion on potato soils. The action of lime or chalk in tending 
to neutralise acidity would appear to encourage the disease. On neutral soils 
lime has been observed to have little or no effect on the development of scab, 
but on distinctly acid soils it tends to aggravate the trouble unless the soil contains 
a large reserve of vegetable organic matter (Fig. 245). When soils for potatoes 
require liming for correction, the process should be done at another stage in 
the rotation ; after three or four years potatoes may again be grown, since the 
decomposed lime will contribute no further risk to the promotion of the disease 
Emphasis has recently been made on the importance of the ratio of calcium to 
potassium in relation to the incidence of scab. The addition of calcium has 
been found to increase the flow of potassium to the shoots, and freedom from 
scab, with higher increment of yield, was obtained when the two fertilisers were 
applied in approximately equal quantities, and it is suggested that the long observed 
efficacy of an acid condition of the soil is due to the movement of certain cationic 
nutrients in the plant Alkaline fertilisers such as nitrate of soda, calcium 
cyanamide, h^sic slag, etc., are not recommended, as they are liable to induce 
scab, while sulphate of ammonia and superphosphate hinder its development 

(3, 8. 17, 20. 25, 42)^ 

The Actinomycetes are eminently saprophytic until their natural food in the 
soil becomes exhausted, and there is little doubt that there are several species of 
Actinomyces which, under stress of hunger, can become ‘ educated ’ to a parasitic 
life in the soil, if a suitable host such as the potato is available to them 32, 33, 48)^ 
In Britain ^^7-40) ^nd elsewhere, researches on the control of potato scab, based on 
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Fig, 245, — Common scab of potato. Top, effect of injudicious liming; left, heavily treated ; right, 
untreated. Below, control of scab by green manuring ; left, green manured ; right, untreated 
(photos by Millard, Ann. App. Biol.) 


a ‘ preferential food ’ hypothesis, show that a very appreciable amount of control 
can be obtained by green manuring (Fig. 245), a process which consists in the 
ploughing in of a green crop, such as rye, mustard, vetches, etc., or of the application 
of green material like grass cuttings, spent hops, etc., to the furrows before 
planting ; in the presence of green manure it is maintained that saprophytic 
species of Actinomyces become dominant over the parasitic forms, and under such 
circumstances the potato crop may be lifted entirely free from scab. In the control 
of the disease by crop rotation a period of seven years is not considered too long 
for interposing fallow, oats, swedes, summer barley, and oats 7, 44) j the inclusion 
of clover is not advisable owing to the necessity of lime as a top dressing, the 
resulting alkalinity being favourable to the reappearance of the disease s, 43), 
Since it has been established that A. scabies can exist on decayed remains of the 
potato other than the tubers, all such remains should be removed and destroyed 
or used to manure other crops ^^3 0^ 

As the organism of scab is a soil dweller, control of the disease by ‘ seed ' 
treatment appears to give no general satisfaction. While some have found no 
benefit from any of the standard seed-tuber treatments others state that 
discrepancies which have been observed in the effects of mercury compounds are 
to be attributed not only to the wide variation in pathogenicity between different 
races of Actinomyces, but to variable degrees of tolerance of these races towards 
mercury compounds However, good results have followed the use of yellow 
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oxide of mercury and calomel, the yield showing an increase when these substances 
were mixed into the fertiliser ^6) use of sulphur has not proved to be 

uniformly effective in the control of scab Dipping the seed tubers for five 
to ten minutes in acidulated mercuric chloride, or in hot or cold formaldehyde 
(22, 34. 50)^ Qj. au ‘ instantaneous dip * in an organo-mercuric compound have all 
proved beneficial. 

Complete immunity from scab is not claimed for any commercial variety of 
potato but, from experiments conducted in Germany and America, the 

occurrence of scab-resistant seedlings and their breeding behaviour in a limited 
number of progeny tests lends encouragement to the belief that varieties of potatoes 
possessing high resistance to common scab may soon be available ^3)^ In 

Indiana loss of yield of Katahdin, Irish Cobbler, and Sebago varieties was greatly 
reduced by planting as early as possible in the season (44 a) 
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Powdery Scab of Potato, Spongospora subterranea (Wallr.) Lagerh. 

This disease of the potato attacks all parts of the plant underground, the stem, 
stolons, tubers, and roots, but has little adverse effect on any except the tubers, on 
which unsightly brown blisters, emitting dry masses of powdery spores, ultimately 
appear. It does not occur on any other crop, but the roots of tomatoes and of 
a few wild plants of the same family, yield to artificial infection with the organism 
causing this disease. 

Powdery scab of the potato was first described in 1841 in Germany It 
appeared in England some five years later but was not reported in America 
until 1913, when it was recorded in Canada and Maine and although it has been 
seen in various isolated regions, powdery scab is not widely distributed in the 
United States. There are various reports of its occurrence in South America, 
Australia, New Zealand, Tasmania, Kenya, and Cyprus. 

The disease first appears during the development of the tubers, near the grow- 
ing, apical end, in the form of small, circular, light-brown spots, usually less than 
I mm. in diameter, and hardly distinguishable from lenticels, except for a circular 
translucent halo, i to 2 mm. wide, surrounding the infected spot The spots 
may arise close together, but with the gradual expansion of the tuber by growth, 
older lesions become spaced out over the greater part of the tuber (Fig. 246). The 
spots soon become raised to form small pimples or blisters which, as long as the 
skin remains unbroken, are quite smooth. When the skin breaks it forms a frill 
around the margin so that each blister becomes a shallow cavity filled with a dry, 
powdery mass of spores which are dispersed into the air at the least touch. This 
primary stage of the disease forms but small cavities on the surface, and there is 
very little destruction of the fleshy part of the tuber. The size of the pustules 
appears to vary with the humidity and aeration of the soil ^*3), Sometimes only the 
primary stage is present If the soil is continuously wet during the growing 
season, a more extensive and severe secondary stage of the disease develops from 
the same lesions, and much deformity of tuber growth takes place. This second- 
ary phase may be described as one of canker formation, and extensive areas of 
the tuber may be covered with corroded patches bearing little resemblance to the 
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original blisters of the primary 
stage (Fig. 246). Under drier 
pv' conditions of the soil, how- 

ever, or after the tubers are 
lifted, even the severe canker 
phase may be checked, but if 
\ remains wet towards 

\ autumn, or if the potatoes 

\ < stored under too moist 

t ^ ‘,7) conditions, still a third form 

of the disease may develop 
in the shape of warty out- 
growths bearing a striking 
resemblance to the tumours 
of the true ‘ wart disease ’ of 
potatoes (Synchytrium endobio- 
ticum) described below. But 
unlike the latter, the tumours 
of powdery scab have a smooth 
contour, not the rough, rugose 
surface of the true warts, and 
they eventually collapse, leaving 
behind raised brown or choco- 
late coloured scars ^7)^ resem- 
bling those of the canker stage. 

Fig. 246. — Corky, or powdery scab of potato (Spongospora Case of early varieties of 

suhterranea). The large tuber shows the characteristic potatoes, lightly attacked, it is 
pustules on the tuber (photo by Foister & Noble). ^ft^n very difficult tO detect 
Below, SIX tubers showing the severe * canker^ form 1 ^ j* 1 

(photo by McKay). Top, infective nodules cm the any pustules of disease, because 
roots they may not break out until 

the tubers are in storage. 

The disease on the roots causes the formation of small warty growths, not 
unlike the bacterial nodules on the roots of leguminous plants (Fig. 246). These 
nodular growths do not seem to interfere much with the normal functions of the 
roots, but as they are still liable to form the spores of the organism (Fig. 247 c), 
they undoubtedly increase the amount of infection, when they finally decay to 
discharge their contents into the soil. The occurrence of the scab on other under- 
ground parts of the stem and stolons is comparatively rare. 


Powdery scab of potato is caused by Spongospora suhterranea, a member of the slime 
fungi, Plasmodiophorales 2a), Unlike Plasmodiophora brassicae, another well- 

known member of this group, causing ‘ club root ’ of crucifers, the spores of which are 
dispersed into the soil singly when the host decays, those of S. suhterranea arc liberated 
in coherent masses or ‘ spore bails \ The latter arc more or less spherical in shape and 
measure about 50/1 in diameter. The individual spores are very small and remain 
adherent by their cell walls, but with gaps here and there so that a spore ball has the 
appearance of a tiny sponge (Fig. 247). When a diseased tuber decays in the soil the 
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spore balls are liberated whole but 
may sometimes become disinte- 
grated into individual spores. 

In germination, the contents of 
each individual spore are released 
through a small aperture in the wall, 
as a minute, hyaline, uninucleate 
body called a myxamoeba < * The 
further history of the myxamoebae 
in relation to penetration and in- 
fection of the tuber is by no means 
clear. Penetrations into the root 
hairs of both potato and tomato 
seedlings by myxamoebae were 
observed soon after planting in soil 
inoculated with the spore balls of 
the organism ; after a fortnight’s 
incubation at 65° F., there were 
found within the root hairs not 
only myxamoebae, but also one or 
more bodies which had apparently 
developed from myxamoebae by 
budding. These bodies turned 
out to be sporangia, for they were 
found to contain a number of zoo- 
pores or swarm spores. The zoo- 
spores did not penetrate farther into the host but were discharged from the root hairs 
into the soil through tiny holes in the root hair wall at points in contact with the wall of 
the zoosporangium The formation and liberation of these zoospores, so early after 
infection, probably constitutes a gametophytic phase in the life-history of the organism, 
the zoospores being, therefore, gametes, or facultative gametes (cf. the ‘ prosorus ’ stage 
in the life-history of Synchytrium endohioticum causing ‘ wart disease ’ of potato). But 
uninucleate myxamoebae have also been observed in sections of diseased tissue and in 
the dividing cells in the lesions, on both sides of the divisional membranes a>. 

Whether infections of the tuber take place from myxamoebae or zoospores singly, or 
in mass, or by gametic zoospores (gametes) after pairing, is not clear. Under dry con- 
ditions in the soil myxamoebae and zoospores become encysted, and in that form are 
capable of resisting desiccation over a long period ; and the spore balls themselves may 
survive in the soil over winter to germinate in the spring. The probability is that infection 
of young tubers takes place in the following way. In the presence of abundant moisture 
the spores, or encysted forms, germinate to emit myxamoebae and, consequent upon the 
mass discharge of these bodies into the soil, coalescence of a large number of them takes 
place to form one or more plasmodia, at one or more selected points of entry on the moist 
surface of the young tuber. That is, the first preliminary to infection appears to be the 
formation of one or more plasmodia external to the host. Accepting this interpretation 
of the mode of entry of the parasite, we may describe the action of the plasmodial parasite 
on the tuber in two stages : (^2) the primary, resulting in the formation of the early 
‘ pimple ’ stage, and (b) the secondary or * canker * stage, in the same lesion as the 
primary. 



Fig. 247. — Spongospora subterranea. A, host cell with 
eight mature spore-balls and a starch grain. JS, 
section through a mature spore-ball showing the 
rounded spores and the cleavages between them 
which give the spongy appearance when seen in 
surface view (after Osborn, Ann. Bot.). C, Spore-balls 
and starch from the nodules on the roots (see Fig. 
246) 
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Primary Stage 

It is not clear how the plasmodia enter the tuber, but they have been found 
to occupy young lenticels and small wounds, and plasmodial masses have also 
been seen in the intercellular spaces close to lenticular openings 23)^ The 
translucent areas with tiny brown spots in the middle, indicating the early symp- 
toms of the disease, as above mentioned, are the parts of the tuber where plasmodia 
have become established, and the ‘ halo stage ' around a lesion shows how far 
the plasmodium has spread beneath that area of the epidermis. If plasmodia do 
not enter by such natural openings as stomata or young lenticels, it is probable 
that, in close contact with the epidermis, a plasmodium exercises a softening action 
on the cellulose wall (presumably such points of entry have not yet become suber- 
ised), after which it appears to be capable of penetrating and passing between the 
epidermal cells possibly by solvent action on the middle lamella The same 

effect is also claimed for the spread of the plasmodium between the host cells, 
immediately below the lenticels ^^3)^ The plasmodium, now within the host, 
spreads out more and more under the epidermis, in a lateral direction, and there 
is usually comparatively little inward penetration, except to the extent of a few 
layers of the host cells. From this situation, under the epidermis, the plasmodium 
sends out strands of itself, the * infecting pseudopodia and, presumably by solvent 
action on the middle lamella, these finer branches of plasmodium push their way 
between the host cells, in the manner of an intercellular mycelium. Small portions 
of these plasmodial strands which impinge on the cell-wall may also dissolve their 
way through the wall, and portions of plasmodium are said to stream through tiny 
holes into the host cell, and thereafter the retained portion is pinched off at the 
point of entry. The intruding plasmodia are described as actually penetrating 
the host cjrtoplasm, as if the two masses were blending together but still retaining 
their independence. The plasmodium is sometimes globular or, at other times, of 
an irregular shape within the host cell, finely granular, and furnished with a large 
number of small nuclei evenly distributed throughout its substance. 

Cells invaded by plasmodia are stimulated to growth, first, by becoming con- 
siderably elongated in a direction at right angles to the surface of the tuber, and 
if, as is usually the case, a number of invaded cells occur side by side, a portion of 
the epidermis becomes lifted from pressure of the radially elongating cells below. 
Each of the latter now proceeds to divide transversely, to form 5 or 6 cells, all of 
which have received a portion of plasmodium during division of the mother-cell, 
and the daughter plasmodia continue to grow and increase their number of nuclei 
by free nuclear divisions, in the same manner as the parent plasmodium. The 
active division of the elongated cells consequent upon infection, stimulates also 
the non-infected cells immediately below them to divide so as to bring about cork 
formation, and whether such activation is due to secretions set up by the parasite, 
or is merely a wound reaction to mechanical attack, is difficult to decide ^23), 
Spread of the disease into the inner tissues of the tuber may thus be early checked 
by cork formation, but very frequently, before the first cork cambium has become 
thoroughly established, its cells are immediately invaded by further penetration of 
plasmodia from the cells above them, and this fresh invasion appears again to 
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stimulate the formation of another cork meristem below, so that it is not uncommon 
to find two or more attempts at cork formation beneath a lesion before the tuber 
finally succeeds in making a suberised cork barrier against further inroad into its 
tissues. The sequence of infection, so far, is strikingly similar to that described 
in common scab, above. 

The nuclei in young plasmodia are constantly adding to their number by 
division, but at some stage in development there is, presumably, widespread 
pairing and fusion of these nuclei throughout the plasmodia, and such fusions are 
probably followed by reduction divisions. When the plasmodia have ceased to 
grow, they segment into as many portions as there are nuclei, to form a large 
number of spores which, as we have seen, do not separate from each other but 
remain together though each spore is delimited by its own cell wall. A number 
of spore balls may appear in the same host cell, a condition which arises mainly 
through the breakdown of cell walls intervening between cells containing single 
spore balls. With the expansion of the infected group of cells, and the lifting and 
rupture of the skin over the lesion, the spore balls become exposed at the surface 
of the tuber as yellow-brown powdery masses for dispersal 

Secondary Stage 

In wet soil in the autumn, or under damp storage conditions, the primary 
lesions are followed by the much more destructive canker stage. After the dis- 
charge of the greater part of the spore balls from the primary lesions, a considerable 
quantity of the spores still remain, however, at the base, and lurking in particular 
beneath the frayed edge of the lesions. These retained spores or spore balls 
germinate in situ. From the large number of myxamoebae liberated from them 
on to the floor of the cavity and around its margin, numerous young plasmodia 
arise by fusion of these bodies, and it is likely that bigger plasmodia are formed 
by coalescence of small ones The cells of the tuber lining the cavity and 
especially those around the edge are now attacked with great vigour by the plas- 
modia. These cells are not only penetrated by the plasmodia, but large masses 
of host cells may be engulfed within a plasmodium, as if in process of ingestion, 
with undigested starch grains and portions of disintegrated cell wall remaining in 
its substance. It is clear that the canker phase is much more destructive than the 
primary stage, and while in the latter the host cells invaded appear to suffer no 
apparent injury for a considerable time, in this secondary stage of attack the host 
cytoplasm is killed outright by the plasmodia. Much deeper cavities are formed 
at the canker stage than was the case in the primary lesions, and cork barriers, 
imperfectly developed beneath the lesions, appear in some instances to be quite 
inadequate to check further inroads into the tuber. In general, however, the 
greater progress of the plasmodia is in a lateral direction, so that there is actually 
little hindrance from the presence of a cork barrier below the canker, and by the 
constant rupture of the skin during the lateral spread of the disease corroded areas 
ultimately cover extensive areas of the tubers. This severe wounding of tubers 
during the spread of canker inevitably results in the admission of secondary 
parasites and saprophytes, the most common of these, being the rot-forming 
Phoma tuberosa the final result being the development of a deeper and harder 
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kind of dry rot than the canker itself, and the tubers are often rendered worthless. 

The organism of powdery scab is long persistent in the soil and a period of 
five years, or more, is recommended for a rotation of crops before potatoes can 
be restored to the same ground. It is not known whether the spore balls can exist 
in the soil for indefinite periods, but it appears that the encysted myxamoebae are 
better suited to tide over adverse and longer periods in the soil than the spores 
themselves In the absence of the susceptible host it is probable that the 

plasmodia ean exist saprophytically in the soil, but nothing is known about the 
relations between these bodies and other micro-organisms in the soil ^5), 

Powdery scab of potato assumes serious proportions only under conditions of 
prolonged rainfall, followed by cool, damp weather during the growing season ; 
it is of little consequence in localities enjoying a dry climate The hydrogen-ion 
concentration of the soil is reported not to have any marked influence on the 
incidence of this disease In a series of experiments, correlating the effects of 
temperature, soil reaction, and water content of the soil, it was found that with a 
moisture-holding capacity of 90 to 100 per cent., over a range of pH 6*3 to 6*7, the 
percentage infection, after an incubation of 19 to 25 days, depended mainly upon 
the prevalence of a comparatively low temperature ; thus the amount of infection 
was 70 and 63*7 per cent., when daily temperatures were 15*5^ and 19*5° C. 
respectively, and only 4 and 2*9 per cent, when the temperatures were 187 and 
24*2° C. respectively ; and during these determinations the pH of the soil exerted 
no influence But others report that acid conditions, in a water-logged soil, 
are the most favourable conditions for the disease 

For the control of powdery scab, much can be done by improving the drainage 
of the soil. As the organism can exist in the manure or compost heap, infected 
tubers should not thus be disposed of, and the application of pig manure should 
be avoided, as the spores can survive digestion of raw infected material fed to 
stock The organism can also be carried in soil and on farm implements. The 
application of sulphur to the soil greatly reduces the amount of disease ; it may 
be applied at the rate of about 6 cwt. per acre, or incorporated with fertilisers 
The seed tubers may also be dressed with the finely powdered sulphur, after 
moistening. Tubers slightly infected may be treated before sprouting by steeping 
for three hours in a formaldehyde solution of i pint to 30 gallons of water. 

No variety of potato is yet known to be immune from powdery scab. 
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Wart Disease of Potato, Synchytrium endobioticum (Schilb.) Perc. 

This disease at one time threatened the extinction of many of the older and 
popular varieties of potatoes, but the extremely virulent character of the affection 
is now counterbalanced by the successful production of new and immune varieties. 
It was probably in existence in Britain long before Potter ^^3) published, in 1902, 
a short account of the disease, and indeed there is some evidence that the trouble 
was present in England some years before Schilberszky made, in 1896, what 
was believed to be the first discovery of the disease, in upper Hungary (Czecho- 
slovakia). It is now widely prevalent in many foreign countries, especially in 
Europe, and it exists also in the United States, Canada, South Africa, and has 
lately been recorded in Peru, South America — the home of the potato — but it is 
not believed to be endemic in that country ^7. 25)^ 

The potato is the only plant attacked by wart disease under natural conditions, 
but several other members of the Solanaceae may be successfully infected artificially, 
though they do not suffer to the same extent as the potato. The best known of 
these susceptible hosts are the three nightshades, woody, black, and winged ; hen- 
bane, and tomato, but apparently only certain varieties of tomatoes * 3 , 30, 44, 48)^ 

The disease is essentially an affection of the tubers during the growing season. 
There are hardly any signs of disease to be seen on the green shoots of a plant 
affected with warted tubers and the haulms may actually be a little taller and bear 
bigger leaves which, moreover, are of a deeper green colour, than those of healthy 
plants. But sometimes, according perhaps to the variety of potato, there may be 
seen around the base of the haulm, at soil-level, a dirty-grey or greenish-yellow 
mass resembling a discoloured cauliflower and, if the potato is one of a coloured 
variety, the excrescence is also similarly coloured. Not infrequently some of the 
smaller or rudimentary leaves at the base of the haulm, at and just below soil-level, 
become replaced by fleshy coralloid outgrowths (the so-called ‘ radial galls *) 

But the typical symptoms of wart disease occur on the tubers underground. On 
some or all of them the characteristic brown or brownish-black warts, like lumps 
of cauliflower, of variable size and shape, may be seen to grow, chiefly out of the 
‘ eyes * of the tubers, but some badly affected specimens may be warted all over 
and are more like dirty lumps of cauliflower than potato tubers (Fig. 248). Not 
all the tubers of a stool are necessarily affected, but some tubers, to all appearances 
sound, may, if examined very closely at the eyes, show tiny warts, and these are 
often so small as to defy detection except with a powerful lens. Such apparently 
healthy tubers, when placed in pit or clamp, or in storage, develop the disease 
more and more, and pass it on to sound tubers in contact with them if the 
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conditions are moist. The disease also 
attacks the underground stolons but 
the roots remain free. Under dry con- 
ditions wart development is checked 
but the parasite remains viable in the 
warts for a long time and, if infected 
tubers are planted, the organism is 
returned to the soil to start fresh 
infections again in the spring. 

Wart disease is caused by Syn- 
chytrium endobioticum (previously called 
Chrysophlyctis endobtotica), an organ- 
ism belonging to the most primitive 
group of fungi, the Archimycetes. 
The life-history is very simple and, 
throughout the whole cycle, there is 
no development of mycelium at all. 
The organism starts its parasitic life 
as a minute, actively motile, uniciliated 
zoospore and, in the warted tissues, 
crops and crops of zoospores are formed 
during the summer for liberation into 
the soil, and these in turn bring about 
fresh infections on the tubers. Later, 
towards autumn usually, there is a 
resting stage to tide the organism 
over the winter and, when this stage 
revives in the spring, zoospores are 
again released into the soil to start infections anew. 

Thus there are two stages in the life-history of the wart organism, namely, 
the Prosorus (Fig. 249 A, B, c), consisting of summer sporangia, and the Resting 
Sporangia (Fig. 249 d), constituting the over- wintering resting phase 

(a) The Prosorus 

During its development on the plant a susceptible tuber is open to attack at a 
very early stage, at any part of its surface as long as the skin has not become 
suberised, but as this natural process of cork formation sets in comparatively early 
in the history of the tuber, the parasite can only attack the more delicate tissues at 
the apical end, especially those of the young buds and bud-scales at the eyes 

To start the life-cycle (Fig. 250), we may follow the history of one of the very 
numerous zoospores which escape into the soil when a resting sporangium ger- 
minates in the spring. In the presence of free moisture this small, naked, uni- 
nucleate body settles down, say, within the depression around an ‘ eye where 
after coming to rest it rounds itself off in contact with the epidermis of a bud 
scale, and, still naked, bores its way through, by making an exceedingly narrow 
channel, into an epidermal cell (Fig. 109). There is no further inward migra- 
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Fig 248 — Wart disease of potato {Synchytnum 
endobioticum) Ay a severely diseased plant ; 
note the warts at the ‘ eyes ’ on lowermost 
tubers, and the conversion of other tubers 
into caulifiower-like lumps ; the uppermost 
tubers are on aerial shoots (‘ radial ’) galls 
(photo Adv. Lft. 274, Minis. Agric ) B, 
a warted tuber at the base of a stem (photo 
by Foister & Noble). C, formation of a 
massive wart from apparent coalescence of 
smaller ones (photo by McKay) 



Fig 249. — Synchytnum endohiottcum. young prosorus. B, section of tuber tissue showing 
development of prosori, son, and spoiangia (at left, centre) C, a ripe sorus with three sporangia 
in view, empty shell of the prosorus below ( x 450) (photos by Glynne, copyright of Rothamsted 
Exp. Station ; Ann App Biol ). B, section of tuber tissue showing a group of resting spor- 
angia (inset line —100 m) 

tion by the infecting body and the whole development is carried through in the 
epidermal cell originally invaded. The entry of the parasite into a particular 
cell, however, causes hypertrophy of those epidermal cells which are in immediate 
contact with that cell, so that there is formed a raised ‘ rosette ’ of cells (Fig. 
250, JJ), at the centre of which, therefore, the infected cell remains sunken as 
it itself takes no part in this outward growth. Meanwhile the infecting body 
enlarges considerably, filling almost the entire cell space, and, having developed 
a firm cell wall, is now called a * prosorus This body, still uninucleate, soon puts 
forth a large vesicle which receives the contents of the prosorus, and from the 
repeated division of the nucleus a large number of nuclei are laid down in the 

R 


















Fig. 250 . — Synchytrium endobioticum. i, living zoospores. 2, zoospore in contact with host cell. 
3, stage of entry. 4, very young prosorus passing downwards towards the nucleus of host cell 
( X 1650). 5, disorganisation of host nucleus is beginning ; adjoining host cell at top is one of 
a ‘ ro^tte ’ group. 6, prosorus has developed a firm membrane. 7, passage of prosoral con- 
tents into a vesicle ; the nucleus beginning to move in. 8, the nucleus reconstituted. 9, two 
nuclear divisions have occurred. 10, two sporangia of a sorus, and empty prosoral membrane 
below. II, surface view of a rosette, with three sporangia in view. 12, a sorus showing five 
sporangia. 13, early stage of segmentation into sporangia. 14, three mature sporangia, and 
liberation of zoospores, original shell of prosorus at the base. 15, a sporangium swelling prior 
to discharge of zoospores, a hyaline projection formed. 16, the fusion of gametes. 17, later, 
membranes disappearing. 18, later stage, nuclei pressed together. 19, entry of the zygote. 
20, early stage of zygote entry, the nucleus close to the surface of contact. 21, later stage in 
entry of nucleus and cytoplasm. 22, the nucleus now within. 23, entry of cytoplasm almost 
complete. 24, a very young resting sporangium whidi has passed down the host cell as far as 
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vesicle or sorus as ii is now called. The sorus ultimately divides into a number of 
compartments or sporangia in which are finally developed a large number of uni- 
ciliate zoospores. With the breakdown of the sporangial walls and rupture of the 
epidermis the zoospores are liberated into the soil. Repeated crops of prosori, spor- 
angia, and zoospores may develop from fresh infections during the summer, and 
these are initiated not only from zoospores released from the germinating resting 
sporangia, as above described, but also from the generations of zoospores formed 
during the summer at the prosorus stage. With such a rapid method of repro- 
duction taking place at a time when the tubers are making active growth, fresh 
infections are constantly taking place, and as every infection involves the formation 
and proliferation of ‘ rosette ’ cells which may themselves become infected, there 
is so much hypertrophy around infected cells that the tuber soon becomes more 
or less covered with the warted excrescences which are so characteristic of this 
disease. 

(b) The Resting Sporangium 

The zoospores liberated from the summer sporangia may function, as above 
mentioned, as asexual infecting cells, or they may fuse in pairs, acting as sexual 
cells or gametes. The fusing gametes produce diploid bodies or zygotes which again 
are capable of infecting the host in much the same way as the single zoospores, but 
the mode of development of the zygote after entry is entirely different from that 
of the asexual zoospore forming a prosorus 

The arrival of the zygote within an epidermal cell (Fig. 250, 2j, 24) is again a 
stimulus to cell division, but this time it is the invaded cell itself, not those sur- 
rounding it as in the instance of the prosorus, that is induced to divide. The one 
or two divisions which take place in it are parallel to the surface of the tuber and, 
since the new cells arise above the zygote, the latter appears in a section of a young 
lesion as if it had penetrated deeper into the host than the epidermis (Fig. 250, 26). 
The zygote enlarges considerably, develops a very thick (three-layered) wall, and 
remains throughout as a unicellular body to form eventually the over-wintering 
resting sporangium. Resting sporangia vary considerably in size but, on an average, 
measure about 50 fi in diameter (Fig. 250, 27, 28), Towards the end of the season, 
if warted tubers are left in the ground, decay sets in and the resting sporangia are 
released into the soil. Although generations of prosori producing crops of zoo- 
spores or potential gametes continue to be formed throughout the season, it appears 
that resting sporangia do not germinate forthwith but require a rest, sometimes of a 
year’s duration, before maturation is complete. By repeated division of its nucleus 
prior to germination a resting sporangium becomes possessed of several hundred 
free, haploid nuclei (presumably a ‘ reduction ’ division occurs meanwhile), which 
finally enter into the formation of a corresponding number of zoospores developed 
within the sporangium itself. When germination is about to take place, the thick 

the nucleus. 25, resting sporangium develops a membrane. 26, a second division of host cell 
places sporangium in the third layer of cells. 27, dead contents of host cell deposited as epispore 
upon sporangium. 28, ruptured empty sporangium. 29, surface view of a living sporangium 
during maturation of zoospores. (Nos. i, 15, 28, 29, x 585 ; Nos. 5-10, 12, 14, 24-27, 
X300; Nos. 4, 16, X 1240 ; No, II, X130; No. 13, x6oo; Nos. 2, 3, 19-23, x 1500) 
(after Curtis, Phil, Trans. Roy, Soc., Lond,) 
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sporangial wall breaks open from pressure set up by the swelling of the inner wall, 
on the rupture of which the zoospores escape into the soil, and the life-cycle of the 
organism is complete so) 

These two stages in the life-history of the organism do not follow each other 
in strict order of time, and the change-over from production of summer sporangia 
to that of resting sporangia is not due to seasonal change of temperature, because 
prosori may still continue to be formed into the autumn, and resting sporangia 
may be found along with prosori comparatively early in the season. 

In the absence of a potato crop the resting sporangia may remain viable in the 
soil for many years, periods of 9 to 12 years being recorded in many instances, and 
it is even suggested that no system of crop rotation can starve these bodies out of the 
soil. But the organism may, perhaps, be capable of surviving in the soil in some 
other way than resting sporangia, and it is possible that the zoospores liberated from 
them may, under certain conditions, live saprophytically in the form of amoebae, 
and during conditions adverse to this saprophytic life the amoebae may perhaps 
pass into an encysted condition but such bodies have not, so far, been found. 

The resting sporangia may be carried from one place to another by any 
means that ensures the transport of contaminated soil, adherent to seed tubers 
or on the underground parts of any transplants such as roots of vegetables, on 
workers’ boots, feet of birds or animals, on cultivators, cart wheels, etc. Moreover, 
the sporangia remain unharmed if warted tubers are eaten raw by farm stock and 
are still in a viable condition in compost manure heaps into which warted tubers 
have been thrown. They are known to be very resistant to extremes of temperature, 
high and low, and can withstand the temperature of boiling water for 8 to 12 
minutes ; in the soil they are viable to a depth of 8 inches. 

Although other plants, as above mentioned, besides the potato can be success- 
fully inoculated with the organism of wart disease, it is not likely that any of them 
are responsible for spreading the disease under natural conditions ; if any such 
carrier hosts exist, infection in them must be latent, for no species has so far been 
found to show any outward signs of wart formation. It is known, however, that 
on rare occasions stolons of the potato plant may develop the resting sporangia 
without producing any obvious signs of abnormal growth 

Wart disease is much worse during wet seasons than in dry ; thus it used to 
be more prevalent in the wetter northern and southern parts than in the drier 
southern and eastern counties of Britain A very high degree of soil moisture 
is necessary to bring about infection by the winter sporangia ^5, u). The most 
favourable conditions for infection are stated to be periodic flooding followed by 
drainage and aeration. Although good germination of the resting sporangia may 
take place at a relative soil humidity of 45 per cent., zoospore emission is best at 
higher humidities of 90 to 100 per cent. Zoospore discharge takes place over a wide 
range of temperature, the optimum being between 14° and 24° C. It is very active 
if the oxygen content of the soil is increased, and the presence of dilute solutions of 
nitrogenous salts is also said to favour the germination of the resting sporangia 

Infections from zoospores and zygotes appear to take place over somewhat 
different ranges of temperature. Thus, infection from zoospores emitted from the 
resting sporangia is favoured between 10° and 28° C., and from zoospores (potential 
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gametes, which form zygotes) discharged from soral sporangia the range is wider, 
from 0° to 30° C., the average temperature in the field for infection being about 
21° (48) ; and it is noteworthy that the susceptible organs of the potato plant develop 
well at about the same temperature range favourable to infection It does not 
appear that the action of frost, continuous or intermittent, or any special treat- 
ment is conducive to a greater degree of germination of the resting sporangia. 
There is, again, no clear evidence that the physical character of the soil has any 
bearing on the relative amount of infection due to wart disease, light sandy soils 
reacting in much the same way as heavy field soils The most favourable soil- 
reaction is from neutral to slightly acid conditions, the range being approximately 
from^H 3*9 to 8-5 and the organism appears to be sensitive to high degrees of 
alkalinity ^34), Three strains of the parasite are recognised in Germany 

As already indicated, wart disease has been successfully controlled by the intro- 
duction of potato varieties possessed of complete resistance to, or immunity from 
it, and moreover these varieties have shown no deterioration or breakdown in this 
quality, and they remain immune under all conditions in the field It has 

been recorded, however, that under experimental conditions in the laboratory 
some immune varieties have yielded to infection but the lesions never developed 
actual warts ; in some cases development of the parasite proceeded as far as the 
stage of summer sporangia but the injury was soon thrown off by the formation of 
necrotic tissue below the lesion, and other varieties tested in the same way resisted 
infection entirely 26, 27)^ It is very difficult to say what property or properties 
possessed by these varieties confer upon them immunity from wart disease (they 
are not immune from other potato diseases), but whatever the nature of this com- 
plete resistance may be it appears to be controlled by hereditary factors Experi- 
ments conducted on the selfing or crossing of susceptible varieties have given only 
susceptible kinds ; and selfing of immune varieties in certain cases gave a ratio of 
3 ; I immunes to susceptible, and the crossing of certain kinds of immunes and 
susceptibles yielded variable results Amongst varieties which are not im- 

mune there are distinct gradations of susceptibility and resistance. Some of these 
varieties react readily or very slowly or not at all to the hypertrophic stimulus which 
follows upon infection ; susceptible varieties which respond reiidily have a high 
degree, and varieties more or less resistant have a low degree of reaction to infection 
with the result that warts arise on susceptible but not on resistant tubers No 
anatomical differences have been revealed in the shoots of susceptible or immune 
varieties of potatoes in respect of relative resistance to wart disease 

Attempts to determine the existence of a possible resistant principle in the sap 
of immune potato plants have been made by several workers, but with no definite 
results. It has been ascertained that no materials manufactured by the leaves of 
susceptible or immune varieties are responsible in any way for the presence or 
absence of warts on the tubers 19) j and all combinations of grafting of immunes 
with susceptibles, or vice versa, had no effect on the response of the tubers to the 
disease ^ 6 , 37), Certain differences have been reported to exist, however, 
between warted and sound tubers ; thus, the hydrogen-ion concentration of waited 
tissue is said to be^ higher in comparison with healthy tissue of the same variety of 
tuber, but it is not believed that differences in acidity of the varieties are in any 
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way associated with immunity from the disease Furthermore, quantitative 
ash analyses of healthy and warted tissue showed a greater amount in the diseased 
tissue of most of the mineral constituents, especially of iron, manganese, copper 
and nitrogen, which appears to suggest that the stimulus to hypertrophy may be 
due to the diversion of these substances to the seat of infection 

Despite the immediate advantages obtained over the disease by the planting 
of immune varieties, however badly contaminated the soil may be, numerous 
attempts have been made in several countries to kill the organism in the soil with 
chemicals. Of these, the application of sulphur has given good results, the lethal 
effect being due actually to the formation of thiosulphuric acid in the soil, but so 
far no treatment of the soil for eradication of the resting sporangia has proved to 
be satisfactory without at the same time retarding the growth of the crop 
Recent experiments in Pennsylvania have shown the efficacy of ammonium 
thiocyanate, applied to infested soils at the rate of 2,000 lbs. per acre More- 

over, none of the ordinary seed disinfectants applied to potato tubers was found 
to be capable of destroying these sporangia in soil adherent to the tubers 

In Britain and in several European countries new varieties of potatoes are 
constantly being tested for reaction to wart disease and new kinds are added periodic- 
ally to the official list of varieties approved for planting in contaminated soil. 
The following are some of the commoner immune varieties : 

Early : Arran Crest, Arran Pilot, Ballydoon, Di Vernon, Herald, Immune Ashleaf, 
Snowdrop, Home Guard, Strathearn, Ulster Premier, Ulster Prince. 

Second Early : Alness, Arran Comrade, Arran Luxury, Arran Signet, Ben Lomond, 
Catriona, Dargill Early, Edzell Blue, Ulster Ensign, Ulster Emblem. 

Early Maincrop : Abundance, Ally, Arran Banner, Doon Star, Gladstone, Great Scot, 
King George, Majestic, Stormont Dawn, Ulster Cromlech, Dr. McIntosh, Ulster 
Early, Arran Viking, St. Aidan, Ulster Commerce, Venus, Red Fife, Ulster Leader. 
Late Maincrop : Arran Cairn, Arran Consul, Arran Victory, Champion, Doon Pearl, 
Golden Wonder, Kerris Pink, Redskin, Stormont Star, Craig's Bounty, Ulster Supreme. 

Wart disease is notifiable within the operation of the Destructive Insects and 
Pests Acts, and any occupier of land on which the disease exists must report the 
occurrence to the Ministry of Agriculture, or to the l ocal Authority 
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Watery Wound Rot of Potato, Pythium ultimum Trow 

This soft rot of potato attacks chiefly the larger ‘ ware ' tubers soon after the 
crop has been dug. It is liable to appear on tubers lifted prematurely, on which 
the skin is imperfectly suberised and sensitive to injury, for it is only through 
wounds that the organism causing this rot can enter. Such wounds are often 
inflicted when the crop is turned out with a spinner, or when roughly treated 
during handling or grading. Loss of tubers through this disease is severe if the 
weather is hot soon after lifting. In storage again, losse^s may be high owing to 
the difficulty of detecting early stages of the trouble in small wounds ; and on 
account of the rapid nature of the disease, wastage during transit under warm, close 
conditions may render an entire load or shipment worthless s). The same 
trouble is known to occur in tubers cut for seed, soon after planting, whether on 
light or heavy soils, but seldom if whole tubers are used Sometimes, affected 
‘ sets ’ disintegrate completely into the soil before making any grovTth, while at 
other times tubers only partly affected produce weakly growth. 

Starting from a wound or abrasion, the rot causes the skin around the lesion 
to become dark and moist, and a black zone arises* between the rotted and sound 
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parts of the tuber (Fig. 251). With 
further progress into the tuber the 
fungus brings about a shrinkage of 
the tissues, and over the affected area 
the skin becomes stretched and col- 
lapses when touched. A great amount 
of watery material oozes freely through 
the broken skin, a feature which dis- 
tinguishes ‘ watery wound rot ’ from 
‘ pink rot ' of the potato {Phytophthora 
erythroseptica, p. 509), which leaves 
the tuber whole but soft like india- 
rubber. This watery rot is also much 
more rapid in its progress than pink 
rot, and, under favourable conditions 
to the fungus, a good-sized tuber may 
be completely rotted in a day or 
two. 

When a partly diseased tuber is 
cut open, the black zone is still seen 
to be confined between the rotted and 
sound tissues, but very quickly, on 
exposure to air, the entire affected part 
turns grey, then brown, and finally 
almost black but with splashes of pink 
here and there. This pink discolora- 
tion is again reminiscent of the symp- 
toms of pink rot, but m the latter 
disease the pink colour appears first 
and finally changes to a velvety black. According to variable external conditions 
or, perhaps, to the variety of tuber, watery rot is sometimes checked when it ap- 
proaches the firm tissues of the vascular ring ; usually, however, the central tissues 
of the tuber break down and, when the watery contents are completely discharged, 
the interior gradually becomes dry and the tuber becomes more or less hollow. 
Beyond a slight ‘ fishy ’ odour the rot imparts no unpleasant smell to the decaying 
tuber until saprophytic fungi and bacteria complete its decay. 



Fig 251 — Watery wound rot of potato (Pythtum 
ultimum). Top, tuber showing a dark, 
affected portion. Below, another tuber cut in 
haff, showing cavities and dark line of demar- 
cation between diseased and outer sound 
tissues (Lft. 292, Minis, Agric ) 


Watery rot is caused by Pythium ultimum, a soil-inhabiting fungus It attacks 

numerous plants besides the potato ; namely, begonias, tobacco seedlings, pumpkins, 
melons, tomatoes, sweet-potatoes {Ipomoea), and others The branched, non- 

septate mycelium is developed in abundance in the rotted tissues, isolating the cells by 
dissolving the middle lamellae, but leaving the contained starch intact ; the mycelium is 
inter- and intracellular Under natural conditions no reproductive cells of any 

kind have been found in the diseased tubers. In artificial culture, however, on potato, 
com-meal, oatmeal, or potato-dextrose agar, a white, cottony mycelium is formed which 
produces sporangia, sexual organs, and oospores The multinuclear sporangia, developed 

on unspecialised hyphae, are spherical when produced terminally and measure from 12 
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to 28 fjL in diameter, but if intercalary, they are barrel-shaped and range from 17 to 27*8 
by 14 to 22*9 fjL The sporangia germinate direct by germ-tubes, and have not been seen 
to form zoospores The oogonia are terminal and spherical, rarely intercalary, 

from 19*6 to 22*9 jx in diameter ; antheridia, one to each oogonium, are spherical, 14*7 
to 18-3 fjL in diameter ; oospores are smooth, thick-walled, yellow, uninucleate, and may 
germinate immediately or after rest, up to 7 months, to form one or more germ-tubes which 
may or may not bear vesicles with zoospores. Optimum growth of the fungus in 
culture occurs at relatively high temperatures of 25 to 28° C., the minimum and maximum 
being 4 and 40° C. respectively ^4, 8) . optimum pH for growth lies between pH 6 and 8 

The rotting of cut sets after planting, in all types of soil, increases as spring 
temperatures begin to rise. The disease is severe after a hot dry summer, and 
extensive rotting occurs if hot weather prevails soon after harvesting 5 ^; it 
spreads rapidly in tubers stored at high temperatures, under poor ventilation, 
and heavy losses are incurred in store and transit under these conditions 

There can be little doubt that Pythium ultimum survives in the soil from year 
to year, in what form is not known, but tubers rotted by it and left in the soil never 
fail to repeat the trouble. All rotted tubers should, therefore, be gathered up and 
destroyed. As infections are contracted through wounds in the skin, all care 
should be observed during lifting and handling, and if practicable the use of a 
spinner avoided, especially if it is desired to lift the crop before it is mature, and if 
hot weather prevails at the time Only sound, unbruised tubers should be 
placed in store, and under cool conditions. Whole ‘ sets in preference to cut 
tubers, will largely obviate the risk of contracting the disease at planting. 
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7. Poole, R. F. : 1934. Phytopath, xxiv, 807. 
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Pink Rot of Potato, Phytophthora erythroseptica Pethybr. 

This disease of potatoes was first observed in 1909 in County Galway, Ireland \ 
About eleven years later the same trouble was recognised in Scotland, and during 
the summer of 1921 it occurred in two localities in England on the varieties 
Majestic, Great Scot, and King Edward It now occurs in several parts of the 
British Isles, in Holland on reclaimed marsh soils, Bulgaria, the United States, 
and in the Dutch East Indies 7, s) 

Pink rot causes a wilting of the haulms as well as a moist rot of the tubers. The 
trouble starts while the tubers are developing and may be found on early varieties 
lifted early in July and on others from August onwards. In its action on the tubers 
‘ pink rot ' is much more rapid and destructive than * potato blight * ; losses in 
stored tubers are usually greater from pink rot than from blight, and a 50 per cent, 
loss in storage is not uncommon. The wilt is preceded by a chlorotic appearance 
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of the foliage, leaves are rolled up- 
wards and inwards, become dry and 
crisp. The leaflets show scattered 
spots of brown dead tissue isolated 
or joined to the already browned 
withered margins. All, or only some, 
shoots of the plant may be thus 
affected, but a cluster of aerial tubers 
close to the soil is a common feature. 

Fic. 252.-Pink rot of potato {Phytophthora erythro- characteristic symptoms of 

septica). Affectedtubercutinhalf; the general the disease are, however, not fully 
effect is a pink discoloration finally changing revealed unless the plant is pulled Up 
to black (Adv. Lft. 292 . Minis. Agric.) 

when the more pronounced symptoms are to be seen on the larger-size tubers ; other 
tubers on the same stool may be entirely free or only partly affected. Unless the 
infection, in some way or another, has got into the new tubers through wounds or 
the eyes, pink rot always spreads into a new tuber from the stem through the stolon, 
that is, it starts at the ‘ heel end \ spreading quickly towards the distal or ‘ rose end ' 
of the developing tuber. These symptoms are manifest on tubers whether near the 
surface or deep in the soil. The rot also extends into the bases of some or all of 
the stems, but never much above soil level ; stolons and roots are also affected, 
but the more striking symptoms of the rot are on the tubers. All stages of infection 
proceeding from the stems towards the developing tubers may be seen ; thus, on 
the same stool, as already indicated, some tubers may be entirely free though the 
disease may be present in the stems, and in some cases it may progress along the 
stolons without reaching as far as the attached tubers, but in other cases it is evident 
that infection can proceed right along to enter the tubers at the ‘ heel end ’ and 
often entirely destroy them. Wholly affected tubers are discoloured brown and 
have the consistency of india-rubber, exuding juice when pressed, and with much 
sticky soil adhering to them. Tubers partly diseased show a black zone of 
varying width between the discoloured parts and the sound tissues ; sometimes 
small black pin-points, coinciding with the lenticels in the skin, may be seen on 
the affected portion. On cutting a partly affected tuber the diseased portion is 
a dirty white colour and more watery in comparison with the sound portion. A 
striking feature, to which this disease owes its name, is the gradual change of 
colour the cut surface of the diseased tuber passes through on exposure to air. 
First it turns pink, then in about half an hour a deep salmon-pink colour appears 
which changes after a few hours’ more exposure into a purplish-brown hue or 
nearly black (Fig. 252). These changes are the result of progressive oxidation 
and do not occur in absence of air. Moreover, the reaction of expressed juice 
from rotted tissue is quite acid at first but after the blackening process is complete 
the reaction is alkaline 


Several species of Phytophthora may produce, to greater or lesser extent, the above 
s5rmptoms of pink rot. They are P. erythroseptica (Pethyb.), P. cryptogea (Pethyb. & 
Laff.), P, megasperma (Drechsl.), P. cactorum (Leb. & Cohn) Schroet, and P. erythro- 
septica var. atropae (Pethybr.) Alcock, but in no case are the symptoms more pronounced 
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and the disease more vigorous than when associated with P. erythroseptica (Pethybr.) 

The description of the parasite is confined here to this organism. 

Affected stems cut across show a brown discoloration in the vascular bundles. 
The fungus is found in the xylem and its presence there no doubt accounts for 
the wilting of the foliage, but it does not extend much into the shoot above soil- 
level. The epidermis and cortical tissues are decayed, without, however, showing 
as much browning as seen in the vascular bundles ; but the pith is often destroyed, 
the cavity being lined with disintegrated tissue, and it is in this region that the 
fungus mainly develops its reproductive organs, oogonia and antheridia. These 
organs may also be developed within rotted roots and stolons, rarely in the tubers. 
The mycelium is abundant, coenocytic, much branched, entirely intercellular, 
without production of haustoria, and in affected tubers starch remains unchanged. 
The fungus forms sporangia and resting oospores, but the sporangia are by no 
means typical of the Phytophthora group. Thus, they are not borne on aerial 
sporangiophores and are not adapted for aerial dispersal : they are produced 
only under aquatic conditions. Contrary to the prominent part played by the 
sporangia of P. infestans in spreading potato blight, the role of these sporangia of 
the pink-rot fungus in spreading infection is uncertain, and while the oosporic stage 
of the blight fungus is an uncommon phase of that disease, the oospores of the 
pink-rot organism are formed in great abundance in the stems, roots, and stolons 
of affected plants, and tide the fungus through the winter. 


The sporangia, developed sympodially from undifferentiated hyphae, are obovate, non- 
papillate, 32 by 20 p ; they are not dispefrsed but germinate in water while still attached. 


either directly by germ-tube, or in- 
directly to form, within an extruded 
vesicle, zoospores which, after coming 
to rest, develop a wall and round-off 
to form spores, 8 to 14 in diameter, 
which germinate direct (Fig. 253 a), 

Oogonia and antheridia (amphi- 
gynous) (Fig. 253 b-d) develop on 
separate hyphae ; oospores are thick- 
wdled (2 fi)y 29 to 30 fjL in dia- 
meter < 10’ * *> . They germinate direct 
both by long and short germ-tubes, 
in the latter case usually producing 
a large terminal cell which functions 
as a sporangium to form zoo- 
spores 

The fungus is much easier to 
grow in culture on oatmeal or malt- 
extract agar and on wort-gelatine 
than on the tuber itself The 
minimum, optimum, and maximum 
temperatures for growth are 5°, 25°, 
and 31® C. respectively. Light has 
no appreciable effect on culture 



Fig. 253. — Phytophthora erythroseptica. Ay a sporangio- 
phore and sporangia showing sympodial develop- 
ment. By the smaller (as yet) oogonium below, 
about to enter the base of the larger anthendium. 
C, the, now larger, swollen oogonium having broken 
through the antheridium, at base (amphigynous 
antheridium) (after Pethybridge, Proc. Roy. Soc. 
Dub.). Dy an oogonium showing the large oospore 
and the empty fertilisation-tube (after Foister; 
unpublished research) 
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growth, and growth under acid conditions (limit of pH 3-2) is vegetative, sexual organs 
and oospores being freely produced in neutralised media (/)H 6 to 7) over a range 
of 5° to 25° C. ; sporangia have not been observed on gel media <4), but were produced when 
small portions of a pure culture were transferred to water, sporangia being developed in 
a few days, both the sporangia and resting oospores being stimulated by adding a little 
potassium permanganate (o*oi to 0*02 per cent.) to tap water (until fairly pink) ; when 
incubated on a slide in a moist petri-dish, at 16*^ to 20° C., the culture produced sporangia 
in about 72 hours, and when the slides bearing them were exposed to room temperature 
zoospores were produced in 2 hours ; germination of oospores can also be observed in 
this way 

The organism of pink rot is believed to survive in the soil for long periods of 
at least 4 or 5 years in what condition is not known, but in all probability 

as oospores. As already stated, these resting spores have been found in abundance 
in the dead host, in the pith, bases of stems, stolons, and sometimes roots, and in 
a few instances under the skin of tubers decayed in the soil There is evidence 

again that P. erythroseptica can exist in the soil as a saprophyte, growing vigorously 
and even producing oospores in various types of sterilised soil and it would 
also appear that it can grow under certain conditions in unsterilised soil and infect 
tubers in it. It has been established, however, that this organism competes very 
unfavourably with others in artificial culture and it is doubtful whether it can 
survive for sufficiently long periods in a normal soil as saprophytic mycelium to 
cause infections in subsequent seasons 

This disease is contracted from contaminated soil and in all probability in- 
fection starts from oospores liberated into the soil from remains of haulms, stolons, 
and sometimes roots, rarely from tubers It can possibly be carried also into 
clean land in soil adherent to ‘ seed ’ raised on contaminated land, or through the 
planting of diseased tubers. In the former case experience shows that the risk is 
slight, for under moist conditions during storage, tubers are quickly attacked and 
are visibly unsound by planting time. However, under drier storage conditions 
this possibility of spread from contaminated ‘ seed ’ cannot be ruled out, and the 
obvious precaution is to wash the tubers free from all soil at lifting, and drying 
them thoroughly before storing. The spread of disease from planting of infected 
tubers is doubtful, since tubers internally affected usually rot, becoming mummified 
during storage, and the planting only of normally sprouted sets will ensure the 
freedom of the crop from disease. Pink rot is not transmitted by contact of in- 
fected tubers with healthy tubers in dry storage, but under conditions sufficiently 
moist it is believed that the loss in storage is due to contamination from soil 
.adhering to the tubers or in soil used in clamp construction rather than from direct 
transmission from diseased to sound tubers 

From the planting of sound ‘ seed ’ in soil contaminated with pink rot, infection 
takes place only under excessively moist conditions of the soil. Indeed, it has 
been established without doubt that practically all the features on the tubers 
associated with pink rot can be repeated merely from simple asphyxiation such as 
would follow planting in water-logged soil or in land liable to flooding In 
the case of actual infection with the parasite, soils below 19 per cent, moisture- 
content did not encourage the disease, but above 24 per cent, infection set in, 



CH. xii POTATOES AND ROOT CROPS 513 

increasing with rise of water-holding capacity until at maximum moisture all 
tubers became diseased Under such favourable soil conditions, warm moist 
weather for a period of several days encourages attacks of pink rot. Infection of 
the germinating seed tuber (best between 20° to 25° C., rarely below 10° or above 
30° C.) takes place at the ‘ rose ’ end, through the ‘ eyes \ and unless infection is 
so severe as to destroy the sprouts before emergence — indicated by a gap in the 
row — the fungus soon enters the base of the stems, thence into the stolons, and 
to some extent into the roots. Infection of the growing plant having thus, to some 
extent, been established systemically, but not migrating much into the aerial 
stems, the developing tubers contract the disease via the stolons and, as stated, 
their infection, therefore, begins at the ‘ heel end Thus, there are two ways in 
which tubers can become infected, namely, from the soil at planting time, through 
the delicate tissues of the ' eyes mainly at the ‘ rose end \ and, as mentioned 
above, through the ' heel end while still attached to the plant ; tubers in storage 
also become infected through wounds or through the ‘ eyes ’ (from contaminated 
soil adhering to them), the rot increasing with rise of temperature as spring succeeds 
winter. 

Since excessive soil moisture is clearly the most important factor encouraging 
pink rot, best control can be obtained by attention to deep drainage. The trouble 
is practically unknown in moderately moist soils. Tubers from ground known to 
be contaminated with pink rot should not be used for ' seed since resting oospores 
may be carried on them in adherent soil. As the disease is soil-borne, a proper 
rotation should be observed for at least four years before restoring the potato crop. 
There is no strong evidence that the disease is spread through planting of infected 
seed, since such seed hardly ever survives till planting time, but a safe measure is 
to plant only vigorous, sprouted sets, thus ensuring perfectly healthy growth from 
the start. All infected debris of stalks, roots, and stolons (since they are the 
acknowledged means of returning the resting oospores to the ground), should be 
collected and destroyed by burning and not gathered to the manure heap. 

It is recorded that varieties of potatoes with luxuriant foliage, encouraged in 
their growth with organic and potassic fertilisers, gave good results against this 
disease on reclaimed marsh soils in Holland, with deep drainage ; but no variety 
of potato is known so far to resist the action of pink-rot disease under moist 
conditions in contaminated soils of any kind. 
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Potato Blight, Phytophthora infestans (Mont.) de Bary 

Blight is, no doubt, the most important of all diseases of the potato in Britain 
and one which causes serious damage to haulm and tubers in humid weather 
during the growing season. It first swept through the potato fields of Europe in 
1845. Reports of spot infections had been established in Flanders, near Li^ge, 
in Kent, the Isle of Man, possibly Ayrshire, and probably in Ireland late in the 
previous year; but epidemiological considerations based on the dates and dis- 
tributions of the first attacks in 1845 preclude an earlier introduction of observable 
magnitude in 1844. Whence the disease came is uncertain ; it was prevalent 
in New York and some of the New England States for two or three years before 
the European outbreak, and perhaps also in St. Helena, then an important port 
of call for home-bound European ships ; but the likely home of the disease is 
Mexico, where it is endemic on wild native species allied to the cultivated potato, 
and it is not now possible to decide how or where it passed to the cultivated 
species, which is rare in that country ^7, 9, u, 22-26, 28. 68) 

On the Continent; from a focus in Flanders, where blight was seen early in 
July 1845 spread with great rapidity through Holland, northern France, and 
eastern Germany. In the same year there is a doubtful reference to the disease 
in Jersey in June, and unmistakable evidence of its presence in Cornwall in July, 
Guernsey and south-east England early in August, the Isle of Wight a little later 
and in the south-west of Ireland in September, over three weeks later than the 
date of the appearance of the disease in that area in the following and subsequent 
years. The resulting loss of tubers from the late attacks in 1845 and in the field 
crop in the following year had consequences in Ireland unparalleled in any other 
country, for the potato was the staple food of well over half the people, and famine, 
pestilence, and emigration reduced the population by a million and a half in the 
following five years (see p. 103). Subsequent spread has been so complete that 
probably every potato-growing country with suitable climate is infected. 

The first sign of the disease above ground is the appearance on the leaves of 
small brown patches, which in suitable weather increase rapidly so as often to 
involve the whole surface (Fig. 254). Extension to the stalk quickly occurs in 
bad cases, and the entire crown may fall over in a rotten pulp in a few days. The 
influence of the weather is most marked. In dry, clear weather successful infections 
are limited in number and the resulting spots remain small, brown, and dry, 
while the stems may escape altogether. In warm, muggy weather with few periods 
of sunshine and a ground fog or drizzle, the colour rapidly changes to black, the 
rot is wet, the stems are quickly attacked, and a pronounced smell of decaying 
vegetable matter is given off and becomes one of the most marked features of the 
disease : the wet rot and smell are due in great part to secondary organisms, 
especially bacteria (butyric and others), which rapidly invade the killed tissues 
On the under surface of the brown spots (occasionally also on the upper) the 
fungus forms a whitish haze consisting of the sporangiophores bearing sporangia in 
great number, from the interior of the leaf. This growth is scanty or even absent 
in dry weather and dense but often evanescent on moist, cloudy days. The under- 
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Fig 254 — Potato blight {Phytophthora tnfestans). On the leaves. Left, upper surface. 

Right, under surface of same (photos by Foister & Noble) 

ground parts, especially the tubers (Fig. 257), are also affected. Sometimes the 
attack is confined to them and cases have been described, for instance in 
Australia where there were no obvious symptoms above ground but the 
tubers were found well infected. The effect on the tubers, apart from a natural 
diminution in size and number when the green parts are early damaged, is a dry 
rot which does not soften the tissues but causes rusty-brown markings just below 
the skin and extending inwards for a variable distance in an irregular fashion, 
while the surface is marked by corresponding depressions due to collapse of the 
underlying cells. In a dry soil nothing more than this may result, and, with proper 
methods of storage, slightly infected tubers will remain unaltered until next planting 
season, when they give rise to sound or diseased plants, according to circumstances. 
In damp, heavy soils, however, a wet rot is usually set up by the action of secondary 
organisms and many of the tubers may decay before harvest ; this wet rot may 
continue to spread in storage by contact, but the blight fungus itself does not pass 
from tuber to tuber, and nearly all the blight damage that occurs during storage is 
due to contamination of the tubers during lifting, or earlier, with spores from 
diseased leaves and haulms si, 53, so Tuber infection is much heavier 

in clay than in sandy soil, perhaps because the lenticels in the latter are more 
completely suberised than those of tubers grown in clay 

Phytophthora tnfestans ^ the cause of potato blight, belongs to the Peronosporales, or 
downy mildews ; it occurs on a number of other Solanaceous hosts, the only one of 
importance being the tomato Some of the races of the parasite on these 

two hosts do not pass readily from one to the other, but others do ; in Jersey, where large 
field crops of potatoes and tomatoes suffering severely from blight grow close together, 
the tomatoes may be a serious menace to potatoes though passage in the opposite directiijn 
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does not readily occur It is interesting to note its recent occurrence in Britain, on 
Solatium crispum in Devon and Somerset, and on Lycium halimifolium in Cornwall '"K 
The mycelium in the tissues consists of intercellular hyphae 4 to 8 jtx in diameter 
(Figs. 255, 256), and is frequently provided with lobed diverticula (Fig. 255 e) ; when 
the latter extend around the cells they may be mistaken for haustoria The 

haustoria in the tubers of some varieties are often thickened by a deposit probably laid 
on by the invaded cell (Fig. 256). In resistant varieties few haustoria develop, and 



Fig. 255. — Potato blight (Phytophthora inf es tans). A, transverse section of leaf, at early infection, 
showing hyphae about to emerge at a stoma ; at right, young sporangiophores emerging at sto- 
mata. JS, a mature sporangiophore showing characteristic constrictions. C, sporangia showing 
indirect germination with formation of zoospores (after Ward). £), an oogonium showing 
amphigynous antheridium and oospore (after Pethybridge & Murphy). E, lobed diverticulum 
probably mistaken for an haustorium from mycelium in potato tuber (after Jones et al.^ U.S. 
Dept. Agric. Bur. PL Ind., BuU. 245). F, haustorium in leaf (Butler’s Fungi tmd Disease in 
m Plants) (see Fig. 6). 
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thickened as well as uncovered haustoria are apparently only found in susceptible tubers. 
Reaction to P. infestans varies even among cells of genotypical identity. Further evidence 
of this is the observed difference between tubers and foliage in respect of resistance. 
This property in the foliage does not necessarily imply its presence in the tubers though 
resistant tubers produce the same type of leaves 

In favourable periods fructifications may appear on newly infected leaves in 4 or 5 
days. The incubation period in the tubers may be much longer, for though early signs 
of infection may be visible around the lenticels after 3 or 4 days under normal 

conditions incubation may take about 28 days ^5^). 

The branching fructifications or sporangiophores arise directly from the internal 
mycelium, emerging from the leaf through the stomata in little groups of about 3 to 5 
together (Fig. 255) ; emergence through or between the cells of the epidermis is also 
sometimes found. On the tubers they mainly arise from lenticels or abrasions in the 
rind. The stalk is rather slender (about 10 /x), not rigid, and divides above into 2 to 4 
branches of variable length (up to i mm.). Sporangia are formed at the tips of the 
branches while they are still short, but growth continues just below the spore, which 
is pushed over to one side and usually falls off ; at each point where growth has been 
renewed there is a little nodular swelling in the stalk, as many as 9 or 10 such on a single 
branch. The sporangia are lemon-shaped, colourless, and measure from 22 to 32 by 
to 24 /X (Fig. 255 b). When sown in water the apex becomes papillate and zoospores 
are liberated (Fig. 255 c). This indirect germination is the normal method when the 
fungus is active and the environment favourable ; otherwise germ-tubes are given out from 
the sporangia, which thus behave as conidia and germinate direct ^*5. so, so, 60, od^ 

Oospores were first seen in artificial cultures of the fungus but later were obtained 
on diseased tubers under natural conditions ^5*' (Fig- 255 d). Observations, how- 
ever, have been few, and spread of infection is mainly by the asexual sporangia. The 
oogonia are pear-shaped to almost spherical, 31 to 43 /x across (average 36^), yellow 
or hyaline. They are fertilised by club-shaped antheridia borne apparently on a 
separate hypha from that forming the oogonium, or are produced without fertilisation. 
The oospores have a thick smooth hyaline wall and vary from 24 to 35 /x (average about 
30 /u) in diameter 01,63) culture, thick-walled, pale amber-tinted chlamydospore- 
like bodies may form at the ends of hyphae but these have not been germinated. 

The fungus is not very readily cultivated on artificial media but can be successfully 
grown on various substances such as quaker oats, raw aseptic potato plugs, sterilised soil, 
white bean agar with 40 per cent, saccharose, and haricot bean agar ^o, 33, 6 i, 79, 8 s) 

Infection takes place through any part of the epidermis on the green parts, 
most freely on the under side of the leaves, and through wounds, lenticels, and 
the outer scales of the eyes on the tubers 53), As infection of the latter is 
ordinarily from shed sporangia, including the zoospores from sporangia, tubers near 
the surface are most often attacked, unless (as happened not uncommonly in the 
early days), a misdirected effort is made to save the crop by lifting early while the 
green tops are still shedding viable spores. 

Primary outbreaks of blight in the field usually come from the planting of 
infected tubers 32. 38, 39, 54, 62, 73)^ It has been conclusively established that 
the mycelium in the tubers frequently survives without causing any great damage, 
coming sometimes from crops that showed little disease ; on planting, it renews 
active growth, passing into the tissues of the young sprouts chiefly between the 
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Fig. 256. — Potato blight {Phytophthora infestans). The fungus in the tuber, forming haustoria 
(from work still in progress at Royal Holloway College, by courtesy of Miss E. M. Blackwell). 
A,Bf from variety Majestic, sections of fresh material treated with iodine and 70 per cent, sulphuric 
acid, stained with cotton blue in lactic acid, from a clamp, in January. C, from variety Arran 
Banner (October). jD, E, from variety Up-to-date (over-wintered in the clamp and examined in 
April) ; C, Z>, E, treated with lacmoid. All mounted in glycerine. 

cells of the cortex, and sporulating on the sprouts above ground if the weather is 
favourable (Figs. 97, 257). In storage, infected tubers sprout earlier than sound 
ones and if the same occurs in the field, early sporulation will result. Wind 
dispersion of the spores thus produced starts secondary infections. Sometimes 
the sprouts from infected tubers may be healthy or some may contain the fungus 
and others not (Fig. 257). It is possible also that in soils of open texture sporulation 
may occur before the sprouts emerge and underground transference of spores is 
not precluded 57)^ Little is known of the life of the fungUs in the soil except 
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that it can survive for eleven months in 
sterile clay Jt has also been suggested 
that spread from diseased seed tubers may 
take place just as has been observed to 
occur in the vicinity of old clamps, pre- 
sumably from waste diseased tubers left 
about the site or buried when the new 
crop is planted ^2) Experiments in 
Ireland and in Russia have shown that the 
fungus from such material can sporulate 
in or on the surface of the soil ^54. 57)^ 
and it has also been established that the 
sporangia can remain viable in soil for 
nearly two months under summer condi- 
tions 35)^ Survival on old haulms or 
shoots from ‘ ground keepers ’ (volunteer 
plants) has also been observed in the 
West of England and blighted haulm's are 
found throughout the growing season in 
parts of the United States Neverthe- 
less, though these observations may pro- 
vide a partial solution of the difficulty 
that blight rarely develops in the field 
before the plants are 2 to 4 months 
old, seldom indeed until they have finished 
flowering, whereas spread from primarily 
infected sprouts would be expected much 
earlier, attempts to account for this by 
proving that the fungus can persist in the 
soil normally for long periods, as from 
season to season, have failed. The view 
has also been expressed that sprout infec- 
tions are insufficient to start the widespread 
outbreaks that occur ^3)^ h ^^s at 
one time thought that susceptibility incre 



Fig. 257 — Potato blight The fungus in 
the tuber. A cut tuber of the variety 
Great Scot (photo by permission of 
Pathological Laboratory, Ministry of 
Agriculture) and a sprouting tuber 
producing a diseased shoot and two 
apparently healthy shoots (after Alcock 
& McIntosh, Ann App. Biol.) 

es as the plant matures, but this is 


not true, for the fungus can establish itself more quickly on young than on old 
foliage The tendency for the infection to start at the base of the plant is due 
largely to the more favourable conditions of the microclimate (see p. 168), such as 
abundance of humidity provided by the dense growth in that situation. It has 
been observed that an attack may develop with differing intensity on two equally 
susceptible varieties according as their habit of growth induces a more (Suicisse) 
or a less (Early Rose) favourable microclimate 

The climatic and physical conditions favouring infection and the development 
of the parasite in the tissues have been referred to earlier (see Chapter III, 
p. 109) 32 , 43, 88 , 89, 92\ Aerial emergence of the hyphae takes place only 

in an atmospheric humidity exceeding 85 per cent,, while sporangia apparently 
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DAYS AFTER INFECTION 

Fig. 258. — Af see text, p. 522. J 5 , graph showing reaction of resistant (left) and susceptible (right) 

tubers to infection curve. Hy Fy incidence of haustoria and fructifications. Phase I, no change ; 
II, plasma granular, nucleus swells ; III, plasma fibrous, brownish ; IV, nucleus shrinks, walls 
browned ; V, cells dead (after Muller) 

form only above 95 per cent. and do not become abundant under about 97 per 
cent. ^’5), Germination of the sporangia occurs on immersion in a film of water 
and is quicker if their water content has first been lowered The most favour- 
able temperature for the production of sporangia is about 18° to 22° C. and for 
development of zoospores about 10° to 13° C. (extremes 6° to 15°), but direct 
germination occurs through wider limits, 4° to 30° C. <' 5 ' *«> *<»> Darkness 
appears to inhibit production and germination of the sporangia. The rate of 
mycelial growth in the tissues is directly proportional to the water content of the 
leaves or perhaps to the ratio of water to nitrogen ; there is evidence that 
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the plants are more susceptible to the fungus when nitrogen is withheld and 
growth is most rapid (shortest incubation period) at 20 to 23° C., though good 
growth has been got at 27° C. ^^9). 

Where the mean temperature exceeds 25° C. (77° F.) blight is practically 
unknown. Rapid development often follows a period of unusually cool weather 
bringing heavy dews or fog and stimulating the germination of the sporangia at 
the critical time, followed by a warmer moist spell to secure a short incubation 
period. The efforts to forecast outbreaks of blight and the physical data on which 
they are based have already been discussed (see Chapter V, p. 168). 

Cells of leaf and tuber tissues in contact with or near the mycelium turn brown, 
both walls and contents being affected. In the rotted tubers there is an increase 
in the pentosans and crude fibre and a decrease in dry matter Starch is not 
hydrolysed until the cells become invaded by secondary organisms 

The pandemic in the middle of last century swept many of the existing varieties 
of potatoes out of cultivation, including most of those (except the Regent) then 
grown in the British Isles. It also greatly stimulated the production of new 
varieties from true seed, and before long there was evidence of the existence of 
varietal resistance, sometimes in the foliage, sometimes in the tubers, sometimes in 
both The first great variety produced was probably Nichol’s 

Champion, raised from seed of unknown parentage at Ochterlony in 1862, though 
Myatt’s Ashleaf raised in 1853 and the Rock, grown widely in Ireland until the 
Champion came, had considerable resistance The running out some twenty 
years or so after they have reached their prime, which has been the fate of most of 
the improved varieties thus continually introduced down to the present day, is 
attributable to the accumulation in them of virus diseases rather than to any direct 
increase in their susceptibility to blight (see Chapter VIII, p. 256). 

The two principal methods employed in the control of potato blight, as of so 
many other diseases, are direct attack on the parasite by spraying and dusting, and 
the cultivation of resistant varieties. Spraying to check blight is probably more 
widely employed and gives more satisfactory results than with any other field- 
crop disease. On the whole, no fungicide is superior to Bordeaux mixture against 
this disease, but Burgundy mixture is preferred in many parts of Ireland s6) 
and dusting is popular elsewhere (see Chapter VII, p. 235). Correct timing is 
more important than the choice of the fungicide Forecasting services help in 
determining this in some areas but elsewhere it is the practice to give the first 
application when the plants are 6 to 8 inches high, repeating every ten days or a 
fortnight, sometimes until six applications have been given. In Britain the early 
crop is not usually treated, as it matures before the onset of the disease. Main 
crop varieties may require the first treatment between the middle of June and mid- 
July, depending on the district and state of the crop and of the weather. Frequent 
earthing-up of the growing crop diminishes the risk of tuber infection, while 
spraying to destroy the haulms two or more weeks before lifting has become 
increasingly popular in recent years, 100 gallons per acre of 10 to 20 per cent, 
sulphuric acid or 5 per cent, copper sulphate, or 12 lb. of the sulphate plus 
J lb. caustic soda in 40 gallons water, being used < 3 , 37, 80)^ Tar-acid sprays are 
effective non-corrosive substitutes for the acid In view of the danger of surface 
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contamination from diseased haulms these should not be used to cover the clamps. 
The tubers should be stored dry and the clamps as well ventilated as possible. Im- 
mediate disinfection on lifting tubers destined for seed has been beneficial in some 
tests, o-i per cent, corrosive sublimate or a dip of a half to one minute in an 
organo-mercury compound being advised 

Breeding for blight resistance has been methodically pursued in several 
countries during recent times 4o-47a. 65-69a, 72, 77, 78, 83a, 88 a)^ 

step, as usual, has been to obtain a sufficient range of variable parent material for 
intra- and interspecific crossing and subsequent selection. The inoculation of 
tubers for tests is usually performed with zoospores, maintaining the tubers at a 
constant temperature of 19° C. ^^^a) Since the European varieties are probably 
descended from only a few primitive types a wider choice of immune and partially 

immune varieties has been sought by various expeditions to Central and South 
America (p. 250). The wild immune hexaploid Solatium demissum from 
Mexico, when used as the female parent, has yielded many hybrids with cultivated 
potatoes Promising results have already been secured by crossing 

cultivated varieties with certain wild races of Central or South American origin 
known as the ‘ W ’ races. Miiller in Germany has found the reactions of 

these races to inoculation to proceed in five stages, and with the aid of a ‘ vital ’ 
stain (methylene blue) these reactions of the tubers could be examined step by 
step, until the cells were killed, the necrotic tissue forming a barrier to further 
spread of the disease. These stages follow rapidly on one another in resistant 
varieties but slowly in susceptible ones, the genes for resistance acting simply as 
accelerators. Fungal development in resistant varieties is poor, haustoria and 
sporangia are few or absent, the final phase being reached considerably earlier than 
in susceptible varieties (Fig- 258). The reaction is one of speed of production 
of a substance toxic to the fungus, and not one of the presence or absence of a 
toxin. A complication in the breeding for blight resistance is the discovery of new 
strains of the f^ungus, 31 in all being recorded in experimental areas in Germany.* 
Attempt has been made to group these into etc. strains, but these 

designations are a little unreal as all gradations of host reaction towards them exist. 
Strain ‘ ^ ’ is the most important as it attacks all commercial varieties, but to 
which the ‘ W ’ types are highly resistant though not immune. Thus the German 
variety Aquila is resistant to British strains ‘ A ’ and ' C \ but susceptible to strain 
‘ S ’ of blight. In Fig. 258 a, a ‘ W ’ tuber is shown inoculated with strain 'A \ 
and the reaction of the tuber has been so rapid that a necrotic area (black) has been 
formed. Local ‘ immunisation ’ (‘ vaccination ^) has been set up in a zone of 
tissue extending for some 20-30 cells below the necrotic area as shown by subse- 
quent (i hour) inoculation with a strain of P. infestans to which the tuber is 
susceptible. This strain avoids, or grows sparsely into, the ‘ immunised ’ zone, 
but normally into the tissues below, which the immunising effect, following the 
first inoculation, had not reached. The reaction between the tuber and P. infestans 
is not specific, and a similar reaction may take place against other parasites. The 
substance exosmosed from the hyphae is, however, specific and has been isolated 
by Muller and his students. 

* Communicated by Professor K. O. Miiller, 
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Black Scurf of PotatOy Corticium solani (Prill. & Delacr.) Bourd. & Galz. 

‘ Black scurf \ ‘ Rhizoctonia disease \ or ‘ stem canker ’ of potatoes is found 
wherever the crop is grown. It is caused by a soil-inhabiting basidiomycete, 
Corticium solani better known as Rhizoctonia solani the name applied to 
the sterile mycelial form of the fungus. The latter exists as a brownish mycelium 
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on the tubers and sometimes on the basal parts of the plant itself, forming small, 
shiny black sclerotia, superficial and easily removable, spreading over these parts 
in black, scurfy incrustations (Fig. 259). The fungus attacks an unusually wide 
range of hosts, some 230 plants belonging to 66 families being listed, in 1930, as 
susceptible hosts They include ornamental plants and weeds, as well as plants 
of economic importance of such diverse habit as coniferous trees, lettuce, sugar 
beet, tomatoes, cucumbers, etc. 

Reports vary considerably as to the importance of black scurf in respect of 
losses in the potato crop. In Britain the disease does not assume serious propor- 
tions, and if cultivation is good, and proper rotations are observed, losses are 
small ; but crops grown in the same land every year, especially if the soil is heavy, 
wet, and undrained, may show heavy losses In Washington from the point 
of view of losses sustained, it is reported to rank second only to virus diseases in 
this host, and it is of increasing importance in Germany 26 a 

While the effects of the disease on the tubers themselves, in the form of super- 
ficial sclerotia, are not of a serious nature, the attacks of the fungus on the basal 
parts of the stem, by reducing the vitality of the green shoots, may impoverish the 



Fio. 259. — Black scurf of potato, Corticium (Rhizoctonia) solant. Affected plant showing dowr 
curvature of the leaves near the top, indicating an attack by the fungus on underground pari 
of the stem (this feature is sometimes mistaken for a symptom of primary * leaf roll ’ due tc 
virus infection ; see Figs. 164, 269). Insets, left, dark mycelial strands of Rhizoctonia solam 
around an eye (enlarged) ; right, the black sclerotia of same (photos by McKay) 
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whole underground system of the plant, with the result that the yield of tubers is 
reduced. It is still uncertain to what extent the fungus causes a rotting of the 
tubers The symptoms on the subterranean parts arise by direct action of the 

parasite on these parts ; those shown by the green shoots follow indirectly upon 
underground infection and disturbance of the normal functions of the rooting 
system The fungus in the soil attacks the young sprouts on the germinating 
tuber from the earliest stages of growth, destroying them on the seed-piece, or 
causing them to develop lumps like small tubers instead of shoots. Sprouts 
which survive these early attacks may become infected at any time before or soon 
after breaking through the soil ; as many as six or more unsuccessful attempts may 
be made before the germinating tuber eventually produces a shoot above ground 
Young tips may be attacked and browned, or lower down on the sprouts, brown, 
sunken, circular or elongated spots may appear. The growing points of stolons, 
like those of young shoots, are especially liable to attack. These infections during 
early growth are said to be correlated with prevailingly low temperatures, and it 
appears that above 21° C. the young sprouts are able to make such good growth as 
to outpace the fungus, which, moreover, loses much of its virulence with rise of 
temperature This phase of the disease is common with early plantings, due 
presumably to lower prevailing temperatures, but there is no evidence that it 



B A C 

Fig. 260. — Black scurf of potato. Ay base of stem of potato plant showing the white fruiting stage of 
Corticium solani (photo by McKay). B, C, potato sprouts affected by the canker phase of the 
disease (photos by Millard) 
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attacks early more than late varieties of potatoes But probably the most 
destructive stage of the disease is the production of one or more cankers which 
form irregular elongated brown areas on the underground portion of the main 
stem, at, or just below, the surface of the soil (Fig. 260). This canker phase of the 
disease seems to be serious around a temperature of 18° C., and even at as low a 
temperature as 9° C. damage may be extensive While some doubt exists as 
to the capacity of several strains of Rhizoctonia to destroy the sprouts before 
emergence, it is said that practically all strains pathogenic to potato are able to 
cause stem canker, with or without wounding The canker may be so severe 
as to girdle the stem, so that the part above the lesion dies. Below the seat of 
injury, however, one or more new buds may develop to produce fresh shoots 
which often escape infection and grow into vigorous plants. By the destruction 
of the cortical tissues of the stolons, cankers may form in precisely the same way 
on these underground branches as on the stem, and if the stolons are girdled the 
crop of young tubers may be lost entirely. Partially girdling cankers on stems 
and stolons are, of course, not so serious, but they interfere appreciably with the 
translocation of food and swelling of the tubers. Moreover, buds towards the 
base of the stem, instead of contributing to the formation of stolons, may swell 
abnormally and give rise to ‘ aerial tubers ’ and, following upon the impoverish- 
ment of the rooting system, the parts above ground turn yellow, the uppermost 
leaves tend to become ‘ bunchy and there is often a peculiar rolling of the leaf 
edges (Fig. 259) which is by no means easy to distinguish from true ' leaf roll ’ 
due to virus trouble Infected plants which have become more or less estab- 
lished may show early signs of new-tuber infection by the presence of brown 
discoloured areas extending from the affected stolons. These areas may consist of 
a mere russeting of the skin or there may result a more severe corrosion, marked 
by narrow cavities of irregular shape, sometimes as much as J inch across ; such 
cavities may usually be found lined with the brown mycelium of the fungus. As 
the tubers mature, sclerotia begin to appear and, before harvest, the tuber finally 
develops a slow type of rot which starts at the ‘ heel end and, if placed in storage, 
decay sets in in the form of a dry rot which is delimited from the firm flesh by a 
layer of toughened dead tissue Sclerotia are typically formed on the tubers 
(Fig. 259) and less frequently on' the basal parts of affected stems and on the roots. 
They are of irregular shape, black, closely adpressed to the skin, and vary in size 
from a pea to a pin-head. Their formation on the tuber is stimulated by falling 
temperature and they occur more in dry than wet soils, and arise in greater number 
on the under than the upper side of the tuber in the ground. They are heralded 
at various spots on the tuber by small groups of white cottony hyphae composed of 
closely interwoven filaments derived from the brown investing mycelium (Fig. 259) ; 
the groups gradually darken and harden to form the black sclerotial bodies ; they 
develop in the same way in culture, from small, white, woolly masses of mycelium. 
Being entirely of superficial origin, sclerotia do little material harm to the tuber 
and in no way affect the vitality or keeping qualities of the potato ^ 7 ). But, carried 
on the surface of the planted seed tuber, or liberated into the soil, sclerotia are 
probably the principal means of perpetuating the disease, and these resistant bodies 
arc known to be still viable in the soil after more than a year 
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The mycelium of Rhizo-^ 
ctonia solani varies considerably 
in appearance with age, both 
under natural conditions and in 
culture on a wide range of 
media ; at first colourless and 
vacuolated, later it deepens to a 
yellow and finally to a rather 
deep-brown colour, the cell- 
contents meanwhile becoming 
granular and finally disappear- 
ing almost entirely. A very 
characteristic feature is the con- 
striction of the hyphal branches 
at the points of origin (Fig. 
261). Though fusions between 
hyphae are fairly common, no 
clamp connections are formed. 
The organism grows in culture 
over a wide range of hydrogen- 
ion concentration, but variation 
in degree of acidity produces 
marked differences in growth- 
characters of different isolates, 
and affects also the size and 

colourofthesclerotia^^s)^ Under 

Fig. 261. — Rhizoctoma solant. A, lobulate, moniliform, and natural conditions the fungus 
‘elbowed ’ cells of the mycelium, from a culture. B, appears to thrive best in add 
from a section of a sclerotium on potato. C, cells isolated 
by maceration of a sclerotium. young hyphae from a SOUS. 

young sclerotial tuft on lettuce (after Duggar) The perfect, basidiomycete 

Stage, Corticium solani (Fig. 
260 a), has been observed by several authors. Though it has been stated that the fungus is 
homothallic a study of this organism causing a disease of cotton in South Carolina 
showed, however, that the Cortidum-stzge was produced under artificial conditions on a 
non-living substrate only when multispore transfers were made A cool period and an 
abundance of moisture in the soil appear to be the necessary conditions for the develop- 
ment of this perfect reproductive stage. The fructifications are not at all typical of the higher 
basidiomycetes ; there is no well-defined sporophore, but a somewhat diffuse ashy-grey 
mat of mycelium arising from the dark-brown mycelium, prior to sporophore formation, 
gathers in greater profusion at some parts of the host than others so as to form a network 
chiefly around the base of the plant, and sometimes extending for several centimetres up 
the stem, and even extending as far as the stalks of the lowermost foliage leaves, but only 
for support. The hymenium consists merely of a layer of hyphae arising from the greyish 
mycelial mat, in which the septated hyphae show a multinucleate condition until they 
give rise, especially towards the margin of the diffuse hymenium, to a number of bi- 
nucleate hyphae whieh finally bear the club-shaped basidia furnished with four sterigmata 
and spores ; the latter are colourless, oval to ovate, from 9 to 14 by 6 to 8 /x ; there are 
no cystidia There is no evidence that the basidiospores ever cause infections, and 
attempts at artificial infections are reported not to be successful, but further investigation 
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is desirable since it has been found that isolates obtained from spore collections yield 
a very high percentage of virulent strains while other strains appear to be harmless 
Moreover, as above mentioned, the complete life-cycle of the fungus is effected only when 
multispore cultures are grown The fungus possesses a great number of different 
strains, and attempt has been made, on various grounds, to arrange them in groups. 
Some strains appear to be associated with certain types of lesions on the stem, either large 
and deep, or mere superficial flecks ; and some strains are more liable than others to 
attack and check the development of the tuber-sprouts ; and while many strains 
differ considerably in virulence on the same host under like conditions, variability also 
exists in the amount of mycelium, capacity to form sclerotia, the size of sclerotia, degree 
of enzyme activity and ability to attack the host only within certain limits of tempera- 
ture Certain isolates have a different host range ; thus, as mentioned else- 

where in this book (p. 583), the strain attacking sugar beet (the Cor //a wm -stage has not 
been found on the beet) does not attack the potato, and vice versa ; but there is still a 
great deal to determine in respect of physiologic specialisation within this species 

There is little doubt that the organism of black scurf is capable of existing in 
the soil as a saprophyte (2. 4, 26a) j possesses a considerable degree of resistance 
to the metabolic products of other soil organisms ; and from mycelium and 
sclerotia which have over-wintered in the soil, or from sclerotia carried on seed 
tubers, infections of potato plants start anew. 

The rejuvenated mycelium in the soil, or the mycelium given forth by the 
germinating sclerotia, attacks the tuber at the eyes, and as already stated proceeds 
to penetrate the young sprout at the apex, or a little lower down, to form brown, 
sunken lesions. Inoculation experiments show that the tips of the infecting hyphae 
exert considerable mechanical pressure on the cuticle and epidermis of young 
shoots, and after entry the epidermal cells are rapidly destroyed. The middle 
lamellae of the underlying tissue are early dissolved and the fungus soon finds its 
way into the meristem of the young shoot. Thus the growing point may become 
invaded and, subsequently, the tissues further back, by inter- and intracellular 
invasion Young shoots thus infected turn brown and die ; older shoots 

which have escaped infection may be entered by the fungus from an infected 
lateral bud, and the disease may spread internally from infected to healthy shoots. 

Black scurf of potato is frequently associated with cold, wet weather during 
early spring ; plants partially infected make good recovery during warm, dry 
periods in late spring and early summer. Planting in cold soil infected with the 
fungus has been known to reduce the crop by a half ^^9)^ whereas in warmer soils 
in irrigated areas the disease is seldom a limiting factor Not only are serious 
losses incurred in early sown crops but those grown at high altitudes and in 
mountain valleys where soil temperatures are low also suffer severely. The general 
indication is that the prevalence of comparatively low soil temperatures during the 
first few weeks after planting determines the greatest amount of damage to the 
crop But the temperature factor cannot be considered apart from that of 

the moisture content of the soil. While it has generally been observed that the 
disease is more severe when soil is dry and cool during early growth than when 
warm and moist, certain strains of the fungus have been found to be more patho- 
genic in dry soil than other strains which make poor growth in the same medium. 
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It is very probable, therefore, that there are other factors besides temperature 
and moisture-content of the soil which influence this disease, but whether they 
affect the host or the relative virulence of the parasite has not been determined 

It is obvious that seed tubers bearing sclerotia should be rejected for planting ; 
and since the young sprouts are so liable to attack, the danger of early disease is 
greatly reduced if only sprouted tubers with sturdy, well-developed shoots are 
used, and to induce quick emergence shallow planting is advised The 

treatment of seed tubers with disinfectant appears to be of doubtful value 26) 
Mercuric chloride, formalin, and potassium permanganate are recommended for 
tuber-steeping ; a 5-minutes’ treatment in cold, acidulated mercuric chloride, 
I part each of chloride and commercial hydrochloric acid, in 500 parts of water, 
destroys the majority of sclerotia on the tubers but large sclerotia need a longer 
time than small ones Formaldehyde treatment, i in 120, at a temperature 

between 122^ and 124"’ F, for 4 minutes is effective ; after steeping, the tubers are 
allowed to dry One per cent, solution of permanganate is also effective as a 

steeping agent The disease is best controlled by crop rotation, but it is im- 

portant to know the range of host plants susceptible to the particular strain of the 
pathogen in the area Having in mind the longevity of the sclerotia, rotations 
of from 4 to 6 years are advisable. In New Zealand rotations of 2 or 3 years with 
cereals, brassicas, and legumes have proved effective, and laying the area affected 
down to grass for 4 years practically eliminated the disease The use of rye as 
a green manure in a 2-years’ rotation with oats is also recommended 
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Black Dot of Potato, Colletotrichum atramentarium (Berk. & Br.) Taubenh. 


This disease usually attacks potato plants from midsummer to autumn, during 
comparatively dry seasons. It is much more common in warmer latitudes than 
in countries of temperate climate like Britain, though appreciable losses may be 
experienced in this country under dry, warm conditions. The disease is known 
in many parts of Europe, in the United States and Canada, South Africa, Brazil, 
and Australia 

' Black dot ’ is caused by Colletotrichum atramentarium (Fungi Imperfecti), 
and the same organism causes a similar disease of the tomato plant 

Affected plants usually exhibit much yellowing and drying of the foliage, and 
if the drying is relatively slow a number of axillary buds become swollen, and in 
certain varieties of potatoes aerial tubers may be developed. If infection is early, 
the plants remain small, especially under dry conditions. The stems are commonly 
affected towards the base, even down to the parent tuber, and there is considerable 
destruction of the stem tissues. The greatest amount of tissue injury is in the 
cortex, which may peel off from the dried stem in some quantity, and the vascular 
cylinder may also become involved, a delicate amethyst colour pervading the entire 
vascular system of the rotted stem. A characteristic feature of the disease is the 
development of numerous tiny black sclerotia embedded in the moribund tissues 
on both sides of the vascular cylinder (Figs. 1 5 a, 262). They may also be formed on 
the inner side of the cortex, which by this time is more or less loosened and easily 
removable from the stem. 

The stolons are attacked even more severely than the stems and become in- 


fected at any stage in the development of 
young tubers. Not uncommonly a stolon 
may be completely severed by the disease, 
so that young tubers are left stranded, and 
at digging time may be seen to carry wisps 
of dried, rotted stolon, which may often 
be found to carry small sclerotia. Older 
tubers usually bear sclerotia on the side 
uppermost in the soil, and these tiny bodies 
may vary in number from comparatively 
few to several hundred on a single tuber. 
Sclerotia may also be found on tubers still 
attached to the stolons, though the latter 
may to all appearances be quite free from 
infection. The roots are also liable to be 
attacked at all stages of growth, and, like 
the stem, suffer decortication. Infected 



plants pulled up will often show only 
stringy remains of the roots on which bits 
of cortex carrying the characteristic 
sclerotia are again found 10)^ 


Fig. 262. — Black dot of potato {Colletotnchum 
atramentarium). The sclerotia oft decayed 
stems. (Ay photo, Adv. Lft. 296, by 
permission of Minis. Agnc. By C, photos 
by Foister & Noble) 
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The sclerotia are found on practically all parts of the plant 
near, or in, the soil, on the lower parts of the haulms, or within the 
pith cavity of the stems, on the roots and on the stolons. They 
are small, round, black bodies, varying from loo fx to 0 5 mm. in 
diameter, and may or may not be furnished with stiff bristles or 
setae which vary in length from 80 to 350 /x ; as many as 70 setae 
may be found on a single sclerotium. The sclerotia are rich in oil, 
and in germination produce a globular pink mass of spores on the 
surface. In culture (at 21” C.) the fungus produces a white, silky 
mycelium which, according to the type of medium, produces an 
amethystine or yellowish colour in the medium, a portent of sporu- 
lation. Later, the mycelium disappears and the culture passes over to the formation 
of the characteristic sclerotia which develop in concentric rings, and often in such great 
profusion as to cover the medium with a dark crust. When spores are developed in 
culture (Fig. 263) they may either be formed singly at the ends of short hyphae of in a 
close layer from a number of conidiophores ; the latter are from 10 to 30 /x in length, 
occasionally branched, and septated ; the spores are oval, continuous, slightly curved, 
hyaline singly, pink in the mass, and measure from 17-5 to 22 by 3 to 7*5 jx ; they are i- to 
3-guttulate. Saltations are frequent 

The fungus survives from season to season in the form of sclerotia in host 
debris, and may thus pass into the soil in which they are known to live for more 
than a year The disease may also start anew by the planting of seed tubers 
bearing sclerotia. The first infections are probably contracted by the roots whence 
the fungus passes into all the other parts, below soil-level ; the mycelium has even 
been found to pass from the vascular cylinder of the stem into the leaves ^7). 

Much can be done to avoid this disease by preventing the return of sclerotia 
into the soil, and all infected haulms should be destroyed by burning. Crop 
rotation should also be observed, to starve the sclerotia out of the soil. 



Fig. 263. — Colleto- 
trichum atramen- 
tarium. The 
spores ( X 685) 
(after Duke, 
Trans. Brit. 
Myc. Soc.) 


1. Appel, O., and Laubert, R. : 1907. Arb. Kaiser. Biol. Anst. /. Land.- u. Forst. v, 435. 

2. Berkeley, M., and Broome, C. E. : 1850. Ann. Mag. Nat. Hist, ii, 378. 

3. Bewley, W. F., and Sheam, J. : 1922. Cheshunt Exp. Stn. Rpt. 

— — 1924. Ann. App. Biol, xi, 244. 

5. Brittlebank, C. C. ; 1924. J. Dept. Agric.y Viet, xxii, 433, 

6. Dickson, B. T. : 1923. Trans. R. Soc. Can. iii, 123. 

7. — 1926. Phytopath, xvi, 23. 

8. Grove, W, B. : 1937. Brit. Coelomycetes, ii, 244. 

9. 0 *Gara, P. J. : 1915. Mycologia^ vii, 38-41. 

10. Pethybridge, G. H. : 1918. Trans. Brit. Myc. Soc. vi, 107. 

11. Taubenhaus, J. J. : 1916. N.Y. Bot. Gard. Mem. vi, 549. 

12. Williams, P. H. : 1929. Cheshunt Exp. Stn. Ann. Rpt. 1928, 42. 

13. McKay, R. : 1942. J. Dept. Agric., Eire, xxxix, 272. 


Dry Rot of Potato^ Fusarium caeruleum (Lib.) Sacc. 

Fusarium dry rot of potatoes^ in Britain, attacks the tubers only in storage. 
In America, certain species of Fusarium also cause potato rot by direct penetration 
during the growth of the tubers on the stolons but this mode of attack has not 
been observed in this country. It is true that contamination with the fungus 
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occurs while the tubers are in the 
ground, but the disease does not de- 
velop until some time after lifting 

Dry rot tends to increase as the 
tubers become more mature lo) . 
is most serious on seed tubers of early 
varieties, and seems to worsen from 
December onwards ; but in some 
years it may occur, as in 1934 and 
1935 in England on second early and 
maincrop varieties, as well on the early 
kinds ; in 1936 it was mostly on early 
varieties. The general impression is 
that dry rot is more in evidence follow- 
ing a dry season rot may 

start at any point on the tuber, usually 
from a wound, and if it appears at 
numerous distinct spots, which later 
become joined together, the probability 
is that infection originated in a number 
of the lenticels At such infected 
areas, the skin is slightly sunken and 
dark in colour. As the area spreads 
and the disease enters more and more 
into the flesh of the tuber, the overlying skin develops a series of wrinkles which 
are arranged concentrically around the seat of infection. With progressive rotting 
and loss of water, the tuber gradually shrinks, becoming dry and almost hard. 
White fungal pustules, changing to pink upon exposure to light, soon make their 
appearance on the wrinkled skin, and when cut, the decayed tuber will show 
one or more cavities filled with mycelium which is distinctly blue in some parts 
and the flesh around the cavities may also be similarly coloured (Fig. 264). 

While there are very numerous fungi reported to be associated with decay 
of potato tubers, and these include numerous species of Fusarium 7, n)^ there is 
general agreement that the most virulent parasite causing dry rot of tubers is 
Fusarium caeruleum and strains of this organism appear to differ in morpho- 
logical features pertaining to growth and production of spores, in pathogenicity, 
and in colour production in cultures. 


Fig. 264. — Dry rot of potato (Fusanum caeruleum). 
Below, two tubers showing the white my- 
celium on the wiinkled surface (photo by 
Foibter & Noble) Top, tuber cut open, show- 
ing cavity filled with mycelium, with dark- 
coloured tissue around (photo by McKay) 



The pustules or stromata on the tuber consist of closely interwoven hyphae which 
give rise to numerous branched conidiophores bearing sickle-shaped conidia which are 
blunted at the ends (Fig. 265). The conidia may be i- to 4-celled, the latter predominat- 
ing ; they measure, for the non-septate kind, 14 by 37 ju ; the i -septate, 19 by 4*1 ; 

the 2-septate, 21 by 4*3 jx ; and for the 3-8eptate, 27 by 4-8 fi. Chlamydospores (Fig. 
265 D, e) also occur occasionally on the pustules ; they are spherical, and average 8 to 9/i 
in ^meter, smooth, thick-walled, bluish in colour, and are produced singly, in pairs, in 
chains, or in irregular groups In culture, on a wide range of media, conidia and 
chlamydospores develop in great abimdance, forming slimy masses (pionnotes) on the 
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^ surface of the substrate ; on 

^ ^ ts t\ f/ media, at low tempera- 

n im M ^ M M O tures, growth is purely my- 

g o y ^ ^ O O celial ; no sporodochia are 

G y M ^ M Q formed in artificial cultures 

yy P u y ^ M ^ Q oil agar oo). The colour of 

A ^ ^ n spores and staining of 

/? P fj medium apparently de- 

^ (( ^ IS u pend on various factors, 

Lj ^ H such as length of exposure 

^ reaction of the 

>1 medium, high carbon-nitro- 

C Ji W ratio, and degree of 

Jw i aeration ; the spores remain 

J ^ colourless when submerged, 

Q W ^ as in liquid cultures ; in 

)) conidia are 

greenish blue ; in acid media 
^ E the colour is wine red, in 

Fig. 265. — Fusarium caeruleum. ^4, branched conidiophore ; note, alkaline media, deep blue, 
a ‘ collar ’ at the end of each stengma, except on the one on and the fungus in its growth 
left which is producing a young comdium ( X 330) B.con.dia, changes the 

C, germinating conidia. D, E, chlamydospores (after Pethy- . j 1 1 / t 

bridge & Lafferty, Sci. Proc, Roy. Dub. Soc.) colour from red to blue * . 

The maximum acidity toler- 
ated by the fungus is near /iHj, and growth is still possible at/)Hio5. It is noteworthy 
that the reaction of the expressed sap of healthy tubers is acid while that of the rotted 
tubers is alkaline. 

F. caeruleum has a high capacity for producing chlamydospores, especially under 
conditions of reduced aeration They are often formed in abundance when sporulation 
is scanty «), One or more cells of a conidium may become thicker-walled than the 
other cells, to form a chlamydospore, and even when conidia germinate in the ordinary 
way, the tip of the germ-tube often expands into a swelling which becomes thick- walled 
before its separation as a chlamydospore. 


The fungus may be carried in field soils and in soil on the dug tubers, on 
contaminated knives used in seed-cutting, seed-boxes, etc. s, 8) disease 

spreads from tuber to tuber in storage, mainly through wounds and, probably 
under unusually moist conditions, through the ‘ eyes ’ and lenticels as well. It is 
recorded that healthy tubers became infected after being steeped in a spore sus- 
pension, and infection has also been observed to start at ‘ powdery scab ’ {Spongo- 
spora subterranea) lesions and on unsprouted ‘ eyes ’ which were apparently quite 
free from any injury ^s). The mycelium in the tuber is intercellular in those parts 
where it is advancing into the healthy tissue, but in the rotted, brown parts it occurs 
both between and within the dead cells ; the starch contents are not attacked. 

F. caeruleum attacks potatoes in storage over a wide range of temperature. It 
is equally active during low night temperatures of 0° to 6° C. as it is during a 4 ^y 
temperature of 25° C., but is inhibited at 30"^ C. The optimum temperature for 
growth of the fungus lies between 15® and 25® C., the minimum and maximum 
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being slightly below 5° and 30° C. respectively 

Early infections are greatly encouraged by high atmospheric humidities, though 
a 50 per cent, saturation is often sufficient Once infection becomes established, 
however, progress of the disease is practically independent of the amount of 
moisture in the air. But there is little doubt that rapid evaporation taking place 
at the surface of a wound, by encouraging the formation of callus, helps the wound 
to heal quickly and under such conditions infection may be checked. 

The varieties Eclipse, Windsor Castle, and Epicure are usually less susceptible 
than Sharpe’s Express, Ninety Fold, Early Puritan, May Queen, Duke of York, 
Arran Pilot, Catriona, and Midlothian Early, while main -crop varieties are, in 
general, less subject to dry rot than the early varieties Boon Star is most 
susceptible, and Majestic is frequently attacked 

Since dry rot is contracted mainly through wounds, care should be taken at 
riddling and handling of the tubers, to avoid breaking the skin \ If the mechanical 
digger is employed it should be manipulated so as to throw up sufficient soil to 
prevent bruising the tubers. To avoid ‘ sweating ’ and premature sprouting the 
lifted tubers should be placed in shallow boxes in a cool store adequately lighted 
and ventilated. Knives, old sprouting boxes, and baskets used for carrying tubers, 
should be thoroughly disinfected before use. During storage, tubers should be 
examined periodically for symptoms of dry rot and affected ones removed or 
boiled if fed to stock. 

Good control over the disease may be obtained by the use of an organo- 
mercuric dip, immediately after lifting and the tubers should be thoroughly dried 
after dipping, otherwise soft rots are liable to set in Since contaminated soil 
is the chief source of infection, washing the tubers greatly reduces the risk of 
disease Dipping in i per cent, solution of formalin for 1 to i minute also 

gives effective control 
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Silver Scurf of Potato, Spondylocladium atrovirens Harz. 

This disease of potato tubers has been known in Europe since 1871 its 
appearance in the United States was considerably later, in 1908 and in 1914 

was reported in Australia ; it is now widely distributed in most potato-growing 
areas jt attacks no other host. 

Silver scurf disease, confined to the tubers, is mainly superficial, and no rotting 
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of the tissues follows upon infec- 
tion. It attacks tubers which are 
mature or nearly mature. At 
harvest time the trouble is barely 
evident, but there is considerable 
disfigurement of the tubers under 
too moist and too warm conditions 
in storage. The early symptoms 
of disease, if looked for soon after 
digging, are very difficult to detect, 
but occur chiefly towards the 
stolon end of the tuber as tiny, 
buff-coloured spots with a finely 
fimbriated margin. The spots are 
seen to better advantage if the 
affected part is wetted, when the 
whole area presents a glazed or 
silvery appearance, producing a 
striking effect on coloured varieties of tubers where the pigment is destroyed 
over the affected area. Usually only a part of the surface is affected though 
a fair portion of the tuber may often be covered The effect of the disease 
is either to cause a sloughing-off of patches of the cork layers, forming ‘ scurf \ 
or if the affected spots remain intact the overlying cork layers are raised up so 
that air pockets are formed, hence the silvery appearance of the tubers when 
wetted. In any case, the ultimate effect is a gradual drying of the tubers, which 
soon present a shrivelled and wrinkled appearance in storage. The grey, ‘ silvered * 
areas soon become covered with an olivaceous mass of conidia and in severe 
infection the whole surface of the tuber may be rendered dull black and sooty. 


Fig. 266. — Silver scurf of potato {Spondylocladtum 
atrovirens). A, conidiophores and conidia from 
tuber. B, C, conidia. jD, germinating conidia 
( X approx. 380) (after Burke, Cornell Bidletin 692) 


Silver scurf is caused by Spondylocladium atrovirens (Fungi Imperfecti) Its mycelium 
in artificial culture or on moist tubers is slow-growing ; the optimum temperature is 24® 
C., no growth occurring at extreme temperatures of 3® and 33° C. ; and high humidities 
of 95*6 per cent, or more are essential. The mycelium in culture or in the tuber lesions is 
hyaline at first, then brown, the hyphae being straight and septated ; later, the mycelium 
consists of round to barrel-shaped cells of a very dark colour, and on the tubers similar 
globular cells become massed together to form tiny bodies resembling microsclerotia. 
Conidia appear in the cultures in about 10 to 12 days, forming a greyish-black mass over 
the medium. The dark-olive or brown multiseptate conidiophores are very variable in 
length, from 150 to 375 /x, and rounded at the base ; the conidia are borne at the apex, or 
at the distal end of the intermediate cells, in whorls, down to about half the length of the 
conidiophore (Fig. 266). The elongate-ovoid conidia attached at the broader end are 
highly variable in dimensions, ranging from 35 to 61 by 7-5 to 12 fx, the majority being 
from 35 to 40 by 8/x, and 5- to 7-8eptate ; they germinate from the narrow end 
usually, but any other cell may produce germ-tubes as well Sporulation occurs over 
a wide range of temperature from 6® to 27® C. 


Primary infections appear to take place at the stolon end of the tuber, arising 
probably from contact with the infected mother-tuber, and not from infection 
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travelling along the stolon. Early infections may also start at any other point on 
the tuber, probably through lenticels. These early infections make little progress 
until the haulms are dead and the tubers more or less matured in the soil before 
they are lifted. The exact method of penetration is not known but the mycelium 
gathers chiefly below the cork layers, and conidia appear in 3 or 4 weeks after 
invasion. Infection and creation of new lesions continue during the storage period 
under conditions of high humidity and warm temperature. 

The fungus probably thrives in the soil as a saprophyte especially in humus 
soils but is probably carried from season to season with the ‘ seed ’, particularly 
by infected tubers left in the soil from a previous crop. 

The disease may be held in check by keeping the tubers stored at as low a 
temperature as possible ; no fresh lesions were seen to occur nor the disease to 
spread at temperatures below 37° F. and at humidities below 90 per cent. 
Steeping the tubers as a possible seed treatment against the disease is also effective ; 
dipping in a I per cent, solution of malachite green for 5 minutes, or a mixture of 
0-5 gm. mercuric chloride and 0*5 gm. mercuric cyanide in a litre of water, applied 
for the same period, prevented spore formation without harming the tubers. 
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Skin Spot of Potato, Oospora pustulans Owen & Wakef. 

This tuber disease of potatoes causes superficial blemishes on the skin but is 
much more serious in its effects on the ‘ eyes * as, by its destruction of the buds, 
tubers may be rendered ‘ blind ' and therefore unfit for ‘ seed ' purposes. In 
Britain, losses of 20 to 30 per cent, have been noted in stocks of seed tubers, due 
to this disease 

Skin-spot disease was first recognised in Britain in 1904, on potatoes from 
Lancashire The trouble is difficult to detect at lifting time, and it is essentially 
a disease which develops in storage and clamps. It does not affect all varieties 
of potatoes in the same way. In Scotland it was observed that, while the variety 
Golden Wonder remained free from the trouble, others such as Kerr’s Pink, Arran 
Chief, and Arran Banner were frequently badly affected with a general spotting of 
the tubers but without damage to the sprouting eyes, while crops of Ally, Majestic, 
and King Edward suffered from blindness as well \ ^ 

On coarse-skinned potatoes, such as Arran Chief, the spots are like tiny pimples 
over which the skin remains stretched, unbroken and shiny and of the same colour 
as the rest of the tuber when dry, but a darker brown when wetted. On a smooth- 
skinned variety, such as King Edward, the spots are round and sunken but with 
a slightly raised centre, brown or black in colour. Spots of an intermediate character 
may also occur but not usually on one and the same tuber ; the pimple form has 
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Fig. 267 — Skin spot of potato 

Affected tuber from which the skin has been 
lightly peeled, showing the dark, dead tissue 
beneath each spot (photo, Ad\ . Lft 279, 
by permission of Minis Agric ) 


been observed on King Edward tubers 
to become depressed at the centre as 
the spots get older In any case, 
the spots may occur singly here and 
there, or in groups, and may join 
together so that large areas of a tuber 
are frequently covered with them, 
though one side is often more spotted 
than the other. But there is little 
invasion of the disease into the flesh 
and the tuber remains firm through- 
out, without rotting (Fig. 267). 

The disease is caused by Oospora 
putsulans, a member of the Fungi Im- 
perfecti (Hyphomycetes), In the diseased 
spots the mycelium consists of very 
narrow, septated filaments, from 2 to 4 /x 
wide, hyaline or pale brown in colour ; 
it penetrates between the cells of the 


parenchyma to a depth of some 12 to 15 layers of cells from which the starch contents 
have entirely disappeared (Fig. 268). Some of the affected host cells are browned, 
thick-walled, and crushed ; others remain hyaline and thin-walled, and the lesion 


finally becomes delimited from the deeper tissue by a broad concave layer of cork <5), 


The first conidiophores to break through are 


long and decumbent, but the majority are short 


and erect, cutting off, by acropetal budding, 
long chains of cylindrical or oblong, hyaline 
conidia which measure from 6 to 12 by 2 to 2*5 /x. 
The organism is easily cultured on a wide range 
of vegetable media, at an optimum temperature 
of 12° C., growth being practically absent at 
0° and 24° C. 

The disease is not usually evident on the 
tubers in the autumn or early winter, but 
under cool, temperate conditions in the spring 
it develops in storage and clamps and many 
of the tubers fail to sprout The trouble 
is believed to start from the soil and to attack 
the tubers during growth, but in what form 
the organism exists in the soil, its method of 
attack, and the exact time of infection, are 
not clearly known. It has been known to 
break out in land which had been in grass 
for at least twenty years and seed tubers 
planted in contaminated soil may or may 
not produce a diseased crop according to 



Fio. 268 . — Oospora pustulans. Vertical 
section through a $km-spot pustule 
on the potato. Note the dark, slender 
hyphae and the minute globose conidia 
(after Millard) 
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circumstances which have so far not been determined It is probable that the 
tubers are attacked before digging and that infection remains latent, possibly in the 
lenticels, for some time before undergoing further development, so that there is 
apparently a lag between infection and development. This hypothesis receives 
support from the fact that, in a method of tuber disinfection aimed at checking 
the growth of the fungus in the skin, the treatment afforded good control pro- 
vided it was applied immediately the tubers were lifted, but had little effect if 
delayed 

When the ‘ eyes ’ are attacked at the delicate tissues of the bud scales, the latter 
become spotted like the rest of the tuber and the fungus penetrates so deeply that 
infected buds are killed, but other buds at the same eye may escape and produce 
sprouts, and buds may be destroyed on which there was no previous evidence of 
spots, infection having probably entered from the tissue around the base of the 
eye, for the fungus penetrates into this region as well as into the buds ^7). 

As the disease is of importance on seed tubers, these should be selected as 
soon as the crop has been lifted and boxed immediately for sprouting in a dry, 
well-ventilated store. Tubers which fail to sprout or produce only weak growth 
should not be used for planting. As above stated, a certain degree of control has 
been obtained by treating seed tubers, immediately upon lifting, with a fungicide, 
the process consisting of an ‘ instantaneous dip ’ of | to i minute in a solution of 
organic mercury But obviously the best precaution against this disease is to 
plant tubers with clean, vigorous sprouts. 
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Potato Leaf Roll 

As already mentioned in Chapter VIII, virus diseases are of great economic 
importance and account for greater losses than any other of the numerous diseases 
which affect potato crops. It is a common experience that potatoes lose consider- 
ably in cropping power when seed for planting is saved from year to year from the 
previous crop. This falling-off in productivity, accompanied in many cases by 
more or less well-marked symptoms of disease in the green shoot, is now generally 
accepted as being due to the presence of one or more viruses in the plants, and not, 
as was once believed, to a natural ‘ running out ’ of the plants following upon 
prolonged vegetative propagation. Moreover, it has long been noticed that this 
deterioration occurred much more rapidly in some areas than in others, and that 
a change of seed was beneficial. It is now almost a routine practice for growers to 
obtain their seed potatoes from Scotland and Ireland, and it is estimated that 
over 300,000 tons of seed potatoes from these areas are imported into England 
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every year j another estimate is that English growers spend on an average 
about j(^70o,ooo every year on fresh seed to replace their own stocks, which become 
exhausted within a comparatively short period of two or three years through the 
action of one or more virus diseases 

Leaf roll is the most important virus disease causing degeneration of potatoes, 
and has long been recognised as a serious problem in Europe, Canada, and the 
United States (2. 66 , 75)^ While other virus troubles, such as ‘ severe mosaic ’ (p. 548) 
may account for greater reduction in yield, leaf roll occurs more frequently and losses 
due to it are heavier ss) Fortunately this disease is not common in the best 
seed-growing areas in Scotland and Ireland, where the climate is too cool and moist 
for insect vectors to thrive, and there are certain parts of Wales where the crop 
can be cultivated with a high degree of freedom from this disorder <79-81) 

This disease is not equally virulent on all potato varieties. Thus, in crops of 
Up-to-Date and Great Scot losses may be from 40 to 50 per cent, whereas they 
may be as high as 80 to 90 per cent, in King Edward and May Queen. The 
recognition of leaf-roll disease in the growing crop is not always an easy matter, 
for the feature of leaf curling may arise from various causes, some physiological, 
due perhaps to a derangement of the water supply to the roots, or to mineral 
deficiency, and some to fungal diseases, such as that due to Corticium solani 
(Fig. 259). It is not usual for healthy plants, naturally infected during the first 
season, to show the characteristic symptoms of a curling of the leaves, but some- 
times this feature may be found in the upper, youngest leaves of a plant, a condition 
which is then described as primary leaf roll. Secondary leaf roll, when the lower 
leaves show marginal curling, is usually manifest in the second and subsequent 
seasons following primary infection <^^ But the younger the infected plant and 
the more rapid its growth, the more quickly secondary symptoms appear, and the 
two stages frequently occur together on the same plant In some varieties, 
however, which appear to be more tolerant of the disease than others, the upper- 
most leaves may show no signs of leaf roll, but a rolling of the leaves at the base of 
the plant is a fairly safe diagnosis of the trouble, and with the continued growth 
of the shoot the entire foliage develops a rolled appearance (Fig. 269). 

Though the complete symptom-picture of leaf roll may vary according to the 
particular variety of tuber, there are features which are fairly common to all 
plants affected with leaf roll. In addition to a rolling of the lamina, affected leaves 
are thicker, the plants are stunted and present an unnatural, stiff appearance, the 
leaves being harsh to the touch ; the plants have a leathery texture and rattle 
when one walks between the drills. Discoloration effects on the leaves are highly 
variable and liable to change even in individual plants. More exact descriptions of 
leaf roll must, of necessity, be given on particular varieties. Thus, in Arran 
Victory after an interval of some 30 days following infection, the primary symptoms 
are manifested by a general pallor of the upper and youngest leaves, the actual 
rolling following later, starting from the base of the lamina, where there is also a 
brownish-black discoloration. The secondary stage quickly follows, in which 
the lower leaves show a marked interveinal pallor, as well as a leatheriness and a 
harshness to the touch. These features are again followed by leaf rolling and dis- 
coloration, and the whole plant becomes stunted and may develop a purplish 




Fig. 269. — Leaf roll of potato A, in the variety British Queen , medium effect B, single leaf of 
same. C, in the variety President, showing severe stunting, typical of the disease in erect 
vaneties (photos by McKay) 

sa 
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hue all over. The presence of aerial tubers is often a feature of leaf-roll disease in 
Arran Victory Again, the variety President (Fig. 269 c) is very susceptible to 
this disease, and while a curling of the leaves is not a striking symptom in this 
variety, it shows much stunting and a decided unnatural stiffness in its branches. 
The young leaves usually become yellow on top and pinkish below and eventually 
become highly necrotic. On account of its high degree of susceptibility, this 
variety is rapidly going out of cultivation. Li the variety King Edward, in addition 
to a general pallor of the young leaves and a slight rolling of the leaves at the base, 
a pink colour develops on both sides of the leaves. An interveinal pallor is also 
shown by Arran Chief and Kerr’s Pink and the leaves early develop a pink colour. 
In the variety Great Scot, leaf rolling is not a prominent feature, but here, again, 
there is the same pallor accompanied by a stiffness of the lower leaves 

Once within the plant, the virus travels to all its parts, including the new 
tubers. On the latter, however, there are no visible symptoms of virus disease, so 
that, externally, they are indistinguishable from virus-free tubers. Virus-laden 
tubers often remain hard and unrotted in the ground, but this feature is not 
always a clue to virus trouble. Tubers infected with the virus when planted give 
rise to shoots in which leaf rolling is a characteristic symptom and such tubers 
offer a ready means of perpetuating the disease in the progeny, so that successive 
crops ‘ run out ’ within a comparatively short time. 

The infective principle of leaf-roll disease is a single virus, and to distinguish 
it from others it is designated Solatium virus 14 (Appel & Quanjer). Potato 
phloem necrosis virus (Quanjer 1913), Potato leaf roll virus (Appel 1911), Potato 
leaf curl virus (Pethybridge 1911), Potato virus i (J. Johnson), are synonyms 
The virus is not sap-transmissible and its natural spread in the field is through the 
agency of insects, the principal vector being the peach aphis Myzus persicae, A 
peculiar biological relation seems to exist between the virus of leaf roll and the 
insect responsible for its transmission. A delay of some 48 to 54 hours within the 
body of the vector appears to be necessary before the virus becomes sufficiently 
potent to bring about infection The infective power is, moreover, retained 
within the insect even after it has fed on plants not susceptible to this disease, but 
the insect does not transmit this power to its progeny. The new brood can become 
infective only after feeding upon plants affected with leaf roll. A close relationship 
thus exists between virus and vector 34, ss, 60) 

After feeding on the sprouts or leaves of a plant affected with leaf roll, the insect 
spreads infection by puncturing the sprouts or leaves of plants in the close vicinity. 
Although it is easier to infect young plants, the age of the plant to be infected, or 
the plant from which the virus was obtained, is of little significance. The 
prevalence of the vector Myzus persicae is of primary importance in the spread of 
leaf-roll virus in the field. It is true that the disease may be transmitted artificially 
by grafting a shoot from an infected plant on a healthy one, but artificial trans- 
mission by sap inoculation, so frequently successful with other viruses, is not 
effective, and the insects are entirely responsible for the spread of leaf-roll disease. 
Experiments conducted in numerous areas amply confirm the relationship between 
the incidence of leaf roll in the field and the times of appearance of the aphides 
According to observations in eastern Ireland the disease in that locality spreads 
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in the direction of the prevailing winds, infection occurring during a six-week 
period between May and early July, this period being found to coincide with the 
aphis season. Years of least spread of the disease had unusually wet weather in 
June, a condition which appeared to limit the increase of aphides during the critical 
period. But a high degree of infection was induced by normal rainfall and tempera- 
ture in June, which favoured rapid plant growth while at the same time increasing 
the aphid population 

The insect vector M, persicae may collect the virus not only from infected 
potato fields, but from certain weeds growing in the vicinity of the crops, especially 
from cabbages on which the insects hibernate. During early growth of the potato 
crop, therefore, the presence of the insects on sprouts of infected tubers or cabbage 
plants in the vicinity, is no doubt, the limiting factor, and the health of the potato 
crop depends on the scarcity of the hosts on which the aphides can tide the winter 
and on the remoteness from potato fields ^52), 

The pathological effects of the virus on the tissues have been described for 
certain varieties of potatoes. These effects are confined to the vascular strands 
and are seen in the form of a ' phloem necrosis ’ which, however, appears to be con- 
fined to the primary phloem, and may occur both in the outer group and in the 
inner group of this tissue in the bi-collateral bundles of the potato ; sometimes the 
necrosis affects only one group, outer or inner, and may be severe in one and 
slight in the other. The condition may spread both up and down the stem, and 
always precedes the symptoms of the curling of the leaves. In severe leaf roll, 
necrosis can be found throughout the main stem almost to the growing point, and 
may spread into all the branches and into the petioles of all but the youngest leaves ; 
its constant presence in the stem of the plant, just at or below soil level, will 
help in the diagnosis of leaf roll, even before curling has started, however lightly 
the plant may be affected by this virus it has been observed, however, that 
certain varieties of potatoes, e.g. Katahdin, Chippewa, and Sebago, very seldom, 
if ever, exhibit phloem necrosis, and the phenomenon apparently depends on 
various factors, such as the relative susceptibility of the variety to the disease, 
the severity of the attack in a particular plant under examination, and the time of 
season at which the examination is made, and possibly other undetermined 
factors A pathological condition 


within the tuber itself, also confined to the 
phloem of the vascular strands, has been 
observed in certain potato varieties and 
referred to as ‘ net necrosis \ 

A characteristic feature of plants suffer- 
ing from leaf roll is the abnormal retention 
of starch in the leaves, the leaves of healthy 
plants growing under the same conditions 
showing little or no starch. The familiar 
iodine test, even without a previous clearing 
of the lamina from chlorophyll, will show 
the difference very strikingly (Fig. 270). 
Rolling of the leaves follows rapidly after the 



Fig. 270. — Leaf roll of potato. A, starch 
test, to show retention of stardh in the 
leaf. B, healthy leaf (photo by McKay) 
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commencement of starch accumulation and apparently the actual leaf curling is 
the direct effect of the starch collecting more in the spongy than in the palisade 
mesophyll, and since the former, looser-knitted tissue is free to expand in all 
directions except on that side where it abuts on the better-consolidated palisade 
tissue, the result is, therefore, a downward and lateral extension causing an 
upward rolling of the leaflets 

While in normal potato plants, as in all healthy green plants, the translocation 
of starch from the leaves takes place during the night, the leaves being practically 
free from starch by the morning, in potato plants affected with leaf roll the starch 
is retained in the leaves, and there is little, if any, translocation into the tubers. 
It is difficult to account for this check to translocation. Since a necrosis of the 
phloem has been observed to take place comparatively early following upon infection 
(Fig. 175), it is asserted by some that this pathological condition of the phloem may 
check the flow of carbohydrates throughout the plant, while others state that the 
inhibitory effect begins in the affected leaf itself, and that it gradually extends into 
the stem, though it is possible that phloem necrosis, once it has set in, may add to 
the difficulty of translocation In the healthy leaf it appears that the accumu- 
lated starch first begins to disappear, during evacuation, at or near the leaf tips, 
and then gradually vanishes from the lower portions. In the diseased leaf, how- 
ever, the reverse takes place, the starch first disappearing from the bases of the 
leaflets and proceeding for a lesser or greater distance towards the apex While 
the translocated carbohydrate in the healthy leaf is believed to be sucrose, in 
plants affected with leaf roll it is deemed to be hexose, and the suggestion is made 
that the reduced photosynthesis results from the accumulation of starch, the re- 
action in rolled leaves being the conversion of starch to hexose, hexose to sucrose, 
and sucrose back to starch Another explanation of the problem is that both 
necrosis of the phloem and the accumulation of starch result from a derangement 
of protein metabolism. As already stated, virus-laden seed tubers are often found 
in the ground hard and undecomposed, and while such tubers are said to germinate 
later than healthy ones, the proteins pass into the shoots much sooner than the 
carbohydrates. This complete migration of the proteins into the shoots apparently 
puts an end to diastatic activity in the tubers, so that the starch remains unaffected 
and the flow of sugars to the developing shoots is arrested ^^9)^ 

For the eradication of potato leaf roll, the selection of healthy seed is obviously 
of primary importance. To this end seed-growing areas should be situated where 
the aphides concerned are least likely to breed. Myzus persicae is usually very 
scarce in wet, windy districts, so that in such localities the migration of the winged 
forms is impeded ; it has been observed that heavy rain may relieve a potato crop 
from infestation for a considerable time, or for a whole season, if the weather re- 
mains cold and damp. Seed crops should not be established where peach or apricot 
trees are near, on which the aphides may tide the winter, and the same applies to 
proximity to market gardens where winter cabbages and weeds serve as temporary 
hosts to the insects 

The annual inspection of potato crops has done a great deal to ensure that seed 
potatoes should be free from virus troubles, and a standard of certification is now 
demanded of growers. In 1937 this standard allowed not more than 0*5 per cent. 
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of leaf roll (and ' severe mosaic p. 548), and not over i per cent, of all readily 
visible virus diseases. The highest grade Stock Seed Certificate, in Britain, 
requires not more than 0-25 per cent, of visible virus diseases, with fewer than 
four plants per acre (about 0*025 per cent.) showing leaf roll or severe mosaic 
Even certification of seed in the field is not very reliable, for virus troubles are 
often masked and late-season infections cannot always be detected, and a recog- 
nised technique of advance-testing of tubers of seed stock in the greenhouse gives 
a good index of the virus disease contents 

Potato breeding for virus resistance has shown that some form of resistance 
exists among various cultivated varieties of potatoes. Moreover, each form appears 
to be controlled by heritable factors, and there are possibilities that more useful 
forms of resistance in ‘ wild ’ material may be discovered, and it is hoped that good 
control may result from the introduction of new varieties which may show a higher 
degree of resistance than the varieties nowin cultivation 39, 46, 58) Eire, 

recent observations have shown the varieties Shamrock and Skerry Champion to 
be highly resistant under field conditions, the latter variety showing almost complete 
immunity 


Potato Mottle, Mild, or Simple Potato Mosaic 

This disease, caused by Solarium virus j, better known as Potato virus Xy is 
widespread in all potato-growing areas everywhere. The great majority of com- 
mercial varieties are apparently never free from it, and it is often found in potato 
plants which have already been tested in the experimental glasshouses ^^8). 

It is remarkable that most varieties of the host either carry the virus with no 
visible symptoms of disease, or when infected, show only an interveinal mottle 
with slightly noticeable dwarfing or deformation of the leaves (Fig. 271 a). The 
varieties Arran Crest, Epicure, King Edward, and others, however, are very 
susceptible to artificial infection, develop top necrosis and die, and yet none of 
these varieties has shown the disease in the field, so that they serve as useful 
indicator hosts for this virus These varieties, experimentally infected, 

whilst not immune from this virus in the usual sense, do possess a peculiar type 
of immunity for they are so intensely susceptible when artificially infected that 
they are killed off. Presumably, under natural conditions the reaction of the plant 
at the spot at which infection might take place becomes at once so lethal that 
there would be no danger of the disease gaining access to other plants 

Though there are no visible symptoms on the great majority of potato varieties, 
yet the growing plants lack robustness and vigour and in many cases a reduction of 
2 to 4 tons per acre may well be encountered in the crop ^^3). it is recorded that 
90 per cent, of potatoes grown in Australia are infected by this virus and the 
losses due to the disease caused by it are estimated to be about equal to the com- 
bined losses caused by all other virus diseases in the crops, estimated in value at 
about 3^350,000 every year 

The following synonyms are listed for the causal virus Solanum virus i 
Orton ^^2) ; Potato virus X (Smith 1931, 1939); ‘Potato common mosaic virus 



Fig. 271 . — At mosaic (virus X) of potato on leaf of variety President. aucuba mosaic of 
potato on leaf of variety Kerr’s Pmk. C, rugose, or severe mosaic (virus Y) of potato on 
the variety Arran Crest, on left ; healthy plant on right (photos by McKay) 
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(Quanjer 1923) ; Potato mosaic B virus (Fernow 1925) ; Potato mottle virus 
(J. Johnson 1925) ; Latent potato virus (Schultz) ; Potato virus X strain S 
(Salaman 1930) ; Potato simple mosaic virus (Murphy 1932) ; Potato mild mosaic 
virus (Samuel 1943). 

The virus is known to possess a number of strains which differ in the severity 
of the symptoms produced. Some of the more severe types may exist along with 
milder ones, and in extreme cases a limit to the multiplication of a severe strain is 
imposed by the damage it does to the host tissues ; in other cases an approach to 
an equilibrium may be obtained 7), As many as six strains have been differ- 
entiated by inoculation of a wide range of plants ^o) Together with virus A, 
virus X is responsible for the composite mosaic disease known as ‘ crinkle 
described below. 

Though the means of transmission of this virus still remain to be elucidated, 
the general opinion is that it spreads throughout the crop by leaf contact, mainly 
under the influence of wind There is no evidence of its transmission 

through the agency of insects, and the risk of underground infection appears to be 
negligible That insects are likely to transmit the virus by visiting the flowers 
is not clear ; observations in Scotland showed that of 14 potato varieties which 
flower sparingly or not at all, 10 were shown to contain the virus rather commonly, 
while the other 4 were always free from it ; none of the freely flowering commercial 
varieties were, however, free from the virus 

The presence of the virus in the plant appears to reduce slightly the amount 
of carbohydrates in the infected leaves, and starch formation and hydrolysis are 
impeded. At all stages of growth, however, there is a greater content of nitrogen 
in the diseased than in healthy leaves, and it has been suggested that the disturb- 
ances in carbohydrate metabolism and the pathological conditions created, are 
direct manifestations of a disorganised nitrogen metabolism It is further 

suggested that the loss in yield due to this disease may be traced to the unavail- 
ability of the protein reserves, by virtue of their conversion into ‘ virus proteins ’ 
which the plant fails to reconvert into mobile substances for storage in the tubers. 
That some varieties of potatoes suflPer greater loss in yield than others may, there- 
fore, be due to their infection with more severe strains of the virus, which by their 
greater power to immobilise the proteins are enabled to multiply all the more to 
greater concentration in the plant than the milder strains 

Histopathological effects of the virus are sometimes evident in a necrosis of 
the phloem in the stem, and there is a thickening of the cell walls in the primary 
phloem, with a gummy deposit in the intercellular spaces ; sometimes, necrosis 
may spread along the medullary rays into the wood 

Investigations on the breeding of potatoes resistant to this disease are already 
showing considerable prospects of success. It has been established that field 
immunity from virus X is inherited as a Mendelian dominant The breeding 

of varieties by selection and reassortment should therefore not be a difficult 
problem As there are usually no visible symptoms of this disease in the crop, 
control by roguing is rendered very difficult. The raising of high-quality seed 
from tested virus AT-free tubers has already been carried out on a limited scale 70)^ 
and all that remains is to multiply these on a large commercial scale with due 
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attention being given to the means of transmission, should any other method be 
found than that by contact of diseased with healthy plants 


Potato Rugose or Severe Mosaic 

This virus disease, second to ‘ leaf roll ’ in importance, is common in the south 
and east of England where it accounts for most of the degeneration of potatoes in 
those areas It appears to be rare in Scotland and Ireland, but has been noted 
in France and in the United States, where it is known as ‘ vein -banding ’ 

It is not possible to give a general symptom-picture of this disease, for it varies 
with diflferent varieties On Majestic, Arran Crest, and President for example, 
soon after infection, local lesions consisting of black necrotic spots appear on the 
under side of the leaves. Later, the uppermost leaves develop a wrinkled appear- 
ance, become yellow or mottled, and are usually the only leaves to remain on the 
plant, the rest having collapsed against the stem or left hanging by mere strands. 
Black necroses appear on the under side of the veins of those leaves situated about 
half-way up the stem, and the collapse follows after the infection has become 
systemic, when necrosis has spread along the veins into the petioles and finally 
into the stem itself on which brown longitudinal lesions become apparent, just 
below the still greenish epidermis. The leaves then collapse or fall off, from the 
lowermost upwards. This primary phase has often been called ‘ leaf drop streak \ 

When the virus-laden tubers are planted, the symptoms on the growing shoots 
are strikingly different from those described above (primary) on the parent plants. 
The leaf symptoms are not now so evident, and the more obvious effect of the 
disease is the decided check to growth, the plants being dwarfed and brittle, with 
the leaves mottled, twisted, and closely bunched together, hence the name rugose 
mosaic for these symptoms of the second year (Fig. 271 c). On another variety, 
Arran Victory, the symptom picture is simpler than on Majestic and President, 
for there is only one type of infection, and this is not systemic. In the first and 
subsequent years of infection Arran Victory shows only a mild crinkle ; the leaves 
are slightly mottled and waved, but there is no leaf drop and little or no necrosis 

This virus had been variously named ^^2) ^ Solarium virus 2 Orton ; Potato virus 
Y (Smith 1931); Streak virus (Orton 1920); Leaf-drop streak virus (Murphy 

1921) ; Acropetal necrosis virus (Quanjer 1931); Stipple-streak virus (Atanasoff 

1922) ; Hy, II virus (Hamilton 1932) ; Vein-banding virus (Valleau & Johnson 
1930) ; Potato severe mosaic virus (Samuel 1943). 

The virus, better known as Potato virus F, is sap-transmissible and is spread 
through the agency of insects, namely the peach aphis Myzus persicae and Aphis 
rhamni ^37. 45) j ^ variant form of the virus has been identified The tobacco 
plant (Nicotiana tabacum) and the thorn-apple {Datura stramonium) serve as 
‘ differential hosts On the former, the virus produces a clearing of the veins of 
the youngest leaves, followed by a banding of the veins of the older leaves, without 
necrosis ; on the latter, the virus has no effect, the immunity of this plant, there- 
fore, being useful in eliminating virus Y from any complex of viruses in which it 
may occur. The tomato, henbane {Hyoscyamus niger)^ woody nightshade {Solanum 
dulcamara), black nightshade {S, nigrum) are also susceptible. It is interesting 
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to note that the early symptoms on the tomato in the form of vein clearing and 
mottling disappear with growth, and the adult plant shows no external symptoms of 
the presence of the virus Experiments at Cambridge have also shown that 
this virus can be carried in a masked form by turnip, cabbage, kale, brussels 
sprouts, red clover, garden peas, and the common bindweed. Its transmission to 
potatoes from the crucifers was effected both by grafting and through the agency 
of the insect vector Myzus persicae. The plants above named, especially the cab- 
bage and the troublesome bindweed may, therefore, quite possibly serve to harbour 
the virus and give succour to the vectors over the winter ^^2). It is said that the 
virus may be carried to a small extent in the true seeds of the potato berries 

Potato Crinkle 

Crinkle disease of potatoes is caused by a mixture of two viruses, Solarium 
virus I {virus X) and Solarium virus 3 {virus A), Some varieties grown in the 
south-west of Scotland were found to fall into four groups in respect to infection 
by these viruses, singly or in combination : {a) varieties lethally necrotic to both, 
(i) lethally necrotic to A but not to X, {c) lethally necrotic to X but not to A, and 
{d) non-lethal to both 

Though the symptoms of crinkle disease vary according to the variety, affected 
plants, in general, are dwarfed and bushy with pale, puckered leaves which curve 
downwards (Fig. 272). A diffused, slightly yellowish spotting occurs in the leaves, 
which later changes to a rusty-brown discoloration before the plants die. The 
leaves are brittle and easily injured In those varieties which develop a necrotic 
reaction to the disease, the symptoms first appear on the terminal leaves as a yellow, 
blotchy mottle, and as the necrosis develops, spreads from leaves to petioles, and 
from the apex of the shoot to the main stem until the entire plant finally collapses 

As we are dealing here with a mixture of viruses (one, virus X, as stated in a 
previous section (p. 547), being not transmissible by insects, while the other, 
virus . 4 , is so transmitted) the disease can only be brought about in those plants 
which are already infected with virus Xy if virus A is brought to them through insect 
agency. Artificial infection, followed by typical symptoms of crinkle, may be 
effected from potato to potato by grafting, and sap inoculation will transmit only 
one of the component viruses, namely virus X 

In its physiological effects on the host plant this disease does not greatly 
disturb the metabolism of carbmiydrates, and the translocation of sugars to the 
tubers is not seriously impeded, but there is a decided interference with nitrogen 
metabolism. It is suggested, therefore, that heavy losses in yield due to the 
incidence of crinkle may well be due to changes in the building-up of nitrogenous 
compounds Experiments on the variety President showed that chlorotic 

parts in the leaves were thinner than the green parts, due to a shortening of the 
palisade cells as well as to a reduction in the size of the intercellular spaces 

The varieties Up-to-date, British Queen, Kerr’s Pink, Arran Crest, Epicure, 
and Great Scot are intolerant of these combined viruses, while Champion, Presi- 
dent, Arran Chief, Arran Victory, and Arran Banner are severely subject to crinkle 
disease 
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Fig. 272. — Potato crinkle. A, healthy specimen of variety President on left ; diseased, on the 
right. J9, a single leaf of the same, with crinkle. C, single leaf of the same, affected with virus 
* A \ a constituent of the mixture causing crinkle (photos by McKay) 


Potato Aucuba Mosaic 

This virus disease of the potato is so named because of the strong resemblance 
of the affected leaves, with their yellow spots, to the foliage of the Japanese laurel 
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Aucuba japonica ^^4, ss). The disease is common on many varieties in Great 
Britain and North America 

The characteristic symptom of aucuba mosaic is the bright-yellow and green 
variegation of the foliage (Fig. 271 b). This feature is clearly distinguishable from 
the type of mottling attendant on plants infected with other viruses, such as 
virus X or virus and always appears first on the lower leaves, which sometimes 
are the only leaves to be so affected. In the variety Irish Chieftain, however, the 
leaves become yellow all over, but whether this general discoloration, with its 
marked brilliancy, is due to the presence also of another virus (virus A) (Fig. 272 c) 
is not clearly known In addition to a variegation of the leaves, some affected 
varieties develop necrosis in the tubers, viz. President, Majestic, Champion, Great 
Scot, Dunbar Yeoman, and British Queen, while others, such as Early Regent, 
Epicure, Arran Crest, Arran Banner, and Arran Victory, show no tuber necrosis 
In the varieties affected, tuber necrosis accounts for the greater part of the reduction 
of yield though a general loss of vigour is also contributory. 

The following are synonyms for the Virus of aucuba mosaic (Quanjer 1922) : 
Solarium virus g (Murphy & Quanjer), Potato virus G (Clinch, Loughnane & 
Murphy 1936), and N on-infectious chlorosis virus (Murphy). 

The virus is transmissible by the aphis Myzus persicae and may also be 
conveyed by sap inoculation. Inoculation experiments, performed by rubbing 
infective sap with a ground glass spatula on the lower leaves of young plants of 
President in pots, resulted in the appearance of the typical symptoms of the mosaic 
in the foliage and tuber necrosis developed later. When tubers so affected were 
planted the next season, typical aucuba mosaic mottling duly appeared on the 
leaves. Datura stramonium the thorn-apple, and tobacco (var. white burley), 
when similarly inoculated showed none of these symptoms, but that the virus 
had been transmitted was shown by the development of the typical symptoms of 
aucuba mosaic, when the inoculated plants were grafted back on healthy President 
plants 

While the green areas of affected leaves show normal green chloroplasts with 
the inclusion of small starch grains, the yellow mottled areas when tested for 
starch in the early morning give a much deeper reaction than the remaining parts 
of the leaf. Even in older leaves, whether they were removed and tested in the 
morning or evening, starch was found to be present in the yellowed parts. The 
effect of the virus in the leaves, therefore, is clearly to impede the translocation of 
carbohydrate. The final effect on the green plastids is their degeneration and the 
liberation of droplets of fat into the affected cells. On varieties of tubers subject 
to necrosis, external symptoms are usually manifested in the form of irregularly 
shaped, brown patches, first starting at the heel-end, which later develop into 
sunken, brown, dry areas. Necrosis does not extend into the ‘ eyes or into the 
vascular tissues. It develops chiefly during storage, and is favoured by darkness 
and high temperatures 
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Soft Rot of Turnip, Bacterium carotovorum (Jones) K. B. Lehmann 

Bacterial ‘ soft rot ’ affects the succulent parts of a wide range of cultivated 
plants. Biennials and perennials swollen with food reserves are its principal hosts ; 
these include turnip, swede, carrot, parsnip, potato (tuber), onion and hyacinth 
(bulb), arum lily (corm), iris (rhizome), the succulent tissues of broccoli, cabbage, 
celery, etc. 7, u)^ Jt is also found as a foot rot of cucumber and melon, a root 
rot of runner beans a rot of cultivated violets, and a stem and fruit rot of 
tomatoes, but cultivated fruits of trees and shrubs, in general, are not subject to 
this bacterial decay. It frequently follows in the wake of numerous diseases caused 
by fungal parasites attacking a great variety of plants, the bacteria thriving more 
or less under saprophytic conditions. 

This soft rot has been ascribed by different authors to an organism which has 
from time to time been variously named, but Bacterium carotovorum is now gener- 
ally accepted as the correct designation 9)^ and though there are undoubtedly 
numerous strains of this parasite differing in minor morphological and cultural 
features these differences are not considered to be sufficient to establish these 
variants as distinct species 

The symptoms of soft rot in which this organism pursues a parasitic career 
are fairly typical on turnip or swede in active growth in the field 16) 

Plants of all ages, from young seedlings to mature ‘ bulbs ’ may be attacked. 
Infection in all cases is effected through wounds such as are caused by slugs, 
insects, or by careless thinning, weeding or hoeing. It is not usual for very young 
seedlings to become rotted and killed unless the infected wound is at the growing 
point of the young shoot. Plants injured later, in the same way, may make good 
the loss of the primary shoot by developing a number of secondary shoots around 
the seat of injury. The injured apical bud makes an ideal entry and the rot soon 
makes rapid progress into the succulent tissues in the wound. 

A cursory glance at the turnip crop during the summer usually reveals little 
signs of the presence of the rot, except perhaps a few gaps here and there in the 
drills due to early death of seedlings. Later, when the bulbs are beginning to show 
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Fig. 273. — Soft rot {Bacterium carotovorum). Ay on swede ; the section shows the internal tissues 
rotted brown, this discoloration being characteristic in spongy, aerated tissues (photo by 
Foister & Noble). By on carrot (photo by Ogilvie, by permission of Long Ashton Res. 
Station), C, section of white turnip (Green Globe) showing advanced stage of rot, the 
interior hollow, but vascular connection in the rind, between root and leaves, still functional ; 
in sappy, watery roots the diseased pulp remains white (photo by Jones, J. Agric. Sci.) 

fair growth, with more or less luxuriant foliage, the extent of the rot in infected 
bulbs is by no means always revealed in the appearance of the expanded leaves. 
But some affected plants in advanced growth may show evident signs of the disease 
by the outer leaves wilting and drooping, becoming yellow and shrivelled in appear- 
ance, the inner leaves in turn going the same way, until the entire rosette of leaves 
perishes, the whole root collapsing to the ground. The internal tissues of the 
bulb meantime become converted into a white, pasty, putrid mass which disappears 
into the soil after a shower of rain leaving the resistant rind derelict on the surface, 
and from which slugs and marauding insects pick up infection 16)^ other 

plants, particularly those well established and infected late, in which only the 
youngest tender leaves at the centre of the rosette were wounded, leaving the rest 
of the foliage unharmed and normal, it is often not possible to detect the extent 
of the rot in the bulb except by inserting a probe into the wound concealed by 
the luxuriant foliage. Indeed, the extent of internal damage is often not fully 
revealed until the time of lifting when the harvester lops off the foliage, only to 
discover that the roots are practically dried out and hollow (Fig. 273 c). Very 
frequently the rot starts from a gaping wound at the side of a bulb, caused probably 
by hoe or cultivator, and when pulled up by the leaves at harvest, the top of such 
a bulb breaks away easily from the less affected root which remains in the ground. 
Why some plants, as in the first case cited above, suffer from a complete collapse 
of the foliage during the progress of the internal rot, or as in the second case when 
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the foliage and rind renaain practically intact to the end despite disease in the bulb, 
is not known, but it appears that certain varieties of turnip, e.g. Green Globe, 
though very susceptible to the rot, have a much more resistant rind than other 
varieties. 

In a vertical section of a diseased turnip the soft, putrid core is everywhere 
delimited from the sound tissue by a narrow brown zone, and if infection starts 
at the apex, this zone finally takes the shape of a flask extending to within about 
J inch of the rind ; it does not extend into the narrowing basal part of the plant, 
that is, into the region of the true root, where it forms the flat or convex base of the 
flask (Fig. 273 c). From an examination of cut plants, at all stages of growth, it is 
apparent that the brown zone steadily advances in front of the white rot, and 
becomes obliterated behind as the rot progresses towards the rind. It is clear that 
the tissues are killed in advance of the organisms, for comparatively few bacteria 
are to be found in the brown zone. Despite, therefore, considerable destruction 
of the tissues of the core and much disintegration of the more internal parts of the 
vascular system of the bulb, the fact that the vascular elements at the base of the 
root and at the periphery of the bulb still remain more or less intact, no doubt 
accounts for the retention and healthy turgescent appearance of the bulk of the 
foliage of many affected plants. 

The initial mode of attack of this disease in the field is very difficult to detect. 
Close examination of the growing plants will often show, however, intermixed in 
the drills with diseased bulbs, plants with luxuriant foliage but having brown, dry 
empty cavities opening to the exterior where the youngest tender leaves have ap- 
parently been destroyed, and in which there is no sign of soft rot at all ; but such 
cavities frequently harbour slugs or their ova. These plants show, like the dis- 
eased roots, either the young foliage at the growing point bitten off, or the entire 
absence of the apical shoot, the scar left by the latter having become completely 
healed and surrounded by luxuriant foliage from secondary crowns. . Slugs and 
insects which have been feeding on diseased turnip no doubt carry the disease 
through the crop, but how the organisms survive in the field from season to season 
is not known. Quantities of turnip trash left behind after harvest harbour the 
organisms over long periods even into the depths of winter and never fail to yield 
the bacteria when cultured. Possibly carrier weeds, especially crucifers, in hedge- 
row or headland may become infected by slugs or insects and ser\^e to carry 
infection to the new crops. 

Bacterium carotovorum is a short, rod-shaped organism occurring singly or in pairs, and 
on sugar-rich media long, unequally segmented filaments are often formed. Individual 
bacteria measure from 1*3 to 3*0 by 0*75 to 0*9 /x but they are of variable dimen- 
sions They are non-sporing and are furnished with a long, single polar 

flagellum, but strains with peritrichic flagella are also reported On neutral beef-broth- 
peptone-gelatine, the colonies are large, greyish, translucent, with a fibrillated margin, the 
colonies becoming deeply concave by solution of the medium. On agar media the colonies 
are round, slightly lobed, smooth, and opalescent ; sometimes filmy areas with a dentritic 
margin are formed ; buried colonies are small, oval or spindle-shaped. The organism is 
aerobic and facultative anaerobic, acid-forming, without evolution of gas in sugar media, 
and nitrate-reducing. It dissolves the middle lamella of the tissues and a toxin is pro- 
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duced (Figs. 274, 275). Acid vegetable media must be made neutral for maximum 
growth in culture 

Artificial inoculations of turnips at any stage of growth are ineffective on any 
part of the plant except through a wound. Holding the leaves down in a water 
or broth suspension of the bacteria failed entirely to induce the organisms to 



Fig. 274 . — Bacterium carotovorum. Ay a colony on nutrient gelatine ( x 2) (Fig. 275 a). B, C, 
spindle- and oval-shaped, small buried colonies in nutrient agar ( x 6). B, a typical lobed colony 
on nutrient agar ( x 4), B, the bacteria (stained with Loeffler’s mordant and carbol fuchsin) 
showing a single termmal flagellum (long ‘ filaments ’ appear on a sucrose medium). jP, 
transverse section of white turnip (Green Globe) showing the peripheral tissues and vascular 
bundles intact, the bacteria attacking only the central tissues, as shown in the circle, where the 
medulla becomes completely disintegrated, thus separating the cells and lignified elements. 
G, cells of the medulla showing various stages of disintegration ; at the top the cells appear 
normal, but with the accumulation of the bacteria in the intercellular spaces, there is a swelling 
of the cellulose walls and enlargement of the nuclei before the cells are killed and the walls 
finally dissolved 
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enter the stomata or water pores to bring about disease in the bulb, though under 
other unknown conditions prevailing in the field during growth of the crop the 
bacteria might possibly enter through these channels, but there is no positive 



Fig. 275 * — Bacterium carotovorum. the colonies on nutrient gelatine showing liquefaction of 
the medium; 3 days’ incubation. j 8, the colonies, in crowded growth, on nutrient agar ; 3 days’ 
incubation. C, three inoculated chunks of turnip showing water-soaked areas after 3 days’ 
incubation ; two alternate tubes, control. D, the same after 7 days’ incubation, showing com- 
plete collapse of infected chunks. E, characteristic growth of the organism on agar-slant 
cultures. F, a gelatine stab culture ; 3 days* incubation, 18° C. G, the same after 7 days, 
ff, growth in stab-culture, after sealing of the track, showing growth under anaerobic con- 
ditions (photos by Thomas) 
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evidence of such infection. Infections are successfully performed if a pure culture 
of the organism is deposited in a small abrasion made in the centre of the leafy 
rosette, the inoculated part being kept moist for a time. But the progress of the 
disease and the extent of browning of the core vary considerably in plants of 
different varieties, age, and texture of tissues. In young, sappy bulbs progress is 
comparatively rapid, the diseased core showing the characteristic whitish-grey 
pasty mass accompanied by the marginal brown discoloration abutting on the 
sound tissues around. In older roots of a dry spongy texture progress is much 
slower, and the rotted core is more or less uniformly brown. Apparently the brown 
discoloration is closely connected with oxidation of the bacterial by-products as 
they infiltrate into the tissues. The fact that the browning in a succulent root 
takes the form of a narrow flask-shaped zone between the healthy and diseased 
tissues is probably due to the toxic effects of the bacterial secretions on the tissues, 
acting in advance. By the action of the secretions in dissolving the middle lamella, 
followed by a collapse of the cells as they are killed and loosened, access of air 
through the diseased core, is prevented and so the latter remains white. In older 
roots progress is slower in the drier tissues, and the spongy nature of some of the 
roots allows for much aeration of the affected tissues which therefore remain 
uniformly brown. Moreover, the absorption of certain nitrogenous fertilisers 
such as nitrate of soda or sulphate of ammonia is also known to accentuate the 
brown discoloration in host tissues suffering from soft rot. 

In the tissues of the host the bacteria are intercellular, occupying the medulla 
in great profusion but getting gradually sparser towards the outer tissues of the 
rind. Sometimes a few cells of the medullary parenchyma and of the lignified 
vascular elements may be seen to be occupied by the bacteria, but this type of 
soft rot is not a vascular affection,* and the bacteria do not usually invade the living 
cells. The tissue debris from the pasty core shows parenchyma cells in all 
stages of digestion, the cell walls and nuclei first swelling after the middle lamella 
is dissolved, and thereafter becoming more or less completely dissolved, and inter- 
spersed amongst the disintegrated parenchyma may be seen the more resistant 
elements of the lignified tissues, vessels, spiral tracheids, and fibres (Fig. 274 F, g). 

Control of soft rot in the field is a very difficult problem. As they are liable to 
force the growth and induce the formation of watery, sappy bulbs, nitrogenous 
fertilisers, especially nitrate of soda, should be used sparingly. Drainage should 
be attended to, as crops planted in low-lying areas are usually the first to suffer 
decay. Care should be taken to avoid injuring the growing plants when thinning 
out, weeding, or hoeing. In small areas means should be adopted to reduce slugs, 
but on a wide scale this is obviously not practicable. 
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Club Root of Crucifers, Plasmodiophora brassicae Woronin 

‘ Club root *, or ‘ finger-and-toe attacks a wide range of cultivated and garden 
plants, all of which belong to the Cruciferae family. Upwards of a hundred 
different species and varieties are recorded to be more or less susceptible to this 
disease 

Club root has been known for over two centuries ; it was reported in Britain 
to have occurred in Norfolk and Suffolk about 1736 and in north-eastern 
United States about 1867 The disease is now widely distributed and is 

responsible for very heavy losses in the commonly edible cruciferous plants, 


particularly cabbage, turnip, and swede. 

The first scientific investigation of 
Russia in 1878 by Woronin who 
described the causal organism, a mem- 
ber of the so-called slime-fungi or 
Myxomycetes (Myxogastres), under 
the title Plasmodiophora brassicae, a 
name highly descriptive of the presence 
of the organism in the host in the form 
of naked, jelly-like bodies, or plasmodia. 

Club root, as the name suggests, 
is essentially a disease of the rooting 
system, and the appearance of the 
‘ clubs ’ or galls on the stem of the host 
either follows upon wound infection 
or is due to secondary migration of the 
parasite into the stem, from primary 
infection already established within the 
roots The presence of the disease 
within the host leads to a remarkable 
increase of growth in the parts affected, 
causing the roots, for the greater part, 
to become abnormally swollen ; but the 
symptoms vary somewhat according to 


club root (on the cabbage) was made in 



Fig. 276. — Club root {Plasmodiophora brassicae). 
The galls on swede turnip (photo by Scott 
Wylie) 
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the habit of the plant. On the cabbage, for instance, furnished with a comparativRy 
slender tap root with numerous lateral roots, the galls take the form of spindle- 
shaped swellings of variable thickness of the tap root and of practically all the 
lateral roots. On a swede or turnip (Fig. 276), in which the lateral roots occur 
below the bulbous hypocotyl, the diseased galls appear on these roots or on the 
tap root, as warts or tumours, and the ‘ bulb ’ itself is not greatly disfigured with 
galls 36) jg g^jig QYi the bulbous stem arise often enough, but only 

as a result of infection through wounds caused by rough particles in the soil, or 
by grubs, slugs, careless weeding, hoeing, etc. 

The disease may attack the host at any time as long as active growth is taking 
place. Symptoms of wilting or a yellowing of the foliage are not usually seen until 
the plants are fairly well advanced, and despite the diversion of elaborated food 
from plant to gall as a result of infection, actual interference with leaf functions 
does not occur until gall development within the root has proceeded so far as to 
disturb the continuity of the vascular supply from root to leaf. Such a derange- 



Fig. 277 . — Plasmodiophora hramcae. Ay transverse section young root of cabbage showing young 
plasmodia (shaded) in some of the cells of piliferous layer and cortex. B, early infection of two 
root hairs showing myxamoebae. C, root hair containing, probably, a number of zoosporangia 
(all after Woronin). Z), uninucleate amoebae in host cells. B, young plasmodium in host cell 
(X550). spores ( X 1600). G, a swarm spore (it has two unequal flagella) ( x i6oo). H, root 
hair containing swarm spore, the flagella having retracted ( x 1 250). I to My stages in the forma- 
tion of zoosporangia and zoospores, in root hair. / ( x 550). J {y< 1250). Ky B, uninucleate 
zoospores in zoosporangia ( x 2250 and 1600 respectively). M, a group of zoosporangia in a 
root hair showing some in process of development, while others have discharged their zoospores 
( X 1250). Ny a mature zoospore, prior to fusion : this constitutes a gamete which will fuse with 
a similar one to form a zygote which infects the host tissues ( x 2250) (all after Ivimey Cook, 
Tram. Roy. Soc., Land.) 
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ment of the host tissues must, of course, result sooner or later in a yellowing, 
wilting, loss of foliage, and a stunting of the plants. 

A transverse section of a hypertrophied cabbage root shows the infected areas 
to consist of several scattered groups of cells, chiefly in the cortex and medullary 
rays, having denser contents than normal (Figs. 277 a ; 278). These cells are 
practically filled with plasmodia or with a multitude of very minute spores derived 
from them, the spores being enclosed in no covering save that of the host cell 
accommodating them (Fig. 278). In advanced stages of disease, consequent upon 
such increase in the size of the galls as to cause disruption of the outer tissues of 
the host, a general decay of the galled tissue sets in, and with the access into the 
roots of other secondary organisms from the soil, host cells are broken down and 
the spores of club root are released in myriads into the soil. 



200M 


Fig. 278. — Plasmodiophora hrasstcae. Transverse section root of cabbage showing enlarged cells 
infected with plasmodia, with considerable division of the cells in their vicinity. Note mcrease 
in width of medullary rays, causing disruption in vascular cylinder. Insets, left, to show com- 
parison between the enlarged host cells, occupied by plasmodia, and the smaller uninfected 
cells ; note the frothy nature of the plasmodia ; right, an advanced stage in the formation of spores, 
the host cell constituting a sporangium (see Figs. 2, 144) (from a slide made by Gonzalez) 
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Although the spores of P. brassicae are capable of immediate germination, they 
are known to be viable after periods of 3 to 6 years, even to a depth of 12 inches, 
in the Soil A few instances are recorded where it was possible that the 

spores could be carried on the seed, and in other cases of reported transmission 
by seed, it is not unlikely that the outbreaks arose owing to contamination of the 
seed with infested soil It can be spread by any means that may carry 

contaminated soil from place to place, 011 farm implements, through biotic aid, 
or by the use of manure containing remains of diseased crops ; and there is little 
doubt that the practice of feeding cattle and sheep with raw club roots is a means 
of returning the parasite to the soil. The dispersal of spores by wind is hardly 
likely except in periods of extreme drought when it is not improbable that strong 
winds blowing over light soil may carry the spore-laden dust to fresh areas ; and 
although the spore wall is comparatively thin, the spores resist desiccation to a 
marked degree ; but heavy rains and surface flood- waters distribute the spores 
widely in the soil. In cultivation, however, one of the most fruitful means of 
spreading the disease is by means of small quantities of soil usually found adhering to 
transplants from infected beds, or on such organs as bulbs and tubers raised in soil 
contaminated with club root. The disease, as already noted, has a wide range of 
hosts among which are some of the commonest weeds of the hedgerow. It is a fre- 
quent observation that, soon after renewal of the cruciferous crop, following long 
periods of rotation with non-susceptibles, the disease often breaks out first in places 
close to hedges or headlands, a possible explanation being that cruciferous weeds 
growing in these positions serve as carrier hosts. The spores from these weed 
hosts would probably be washed into the soil, and during ploughing would perhaps 
be deposited mostly along the border of the field and around the headlands.* 

The parasite of club root is not amenable to growth in artificial culture, but 
the spores are easily germinable in tap water or in nutrient solutions at room tem- 
perature ; frost stimulates germination but is not essential The spores are 
variable in size ; various authors give the dimensions as : 2-8 ju, ; 2 to 3 /u. ^7) j 
1*6 /X ^38) j 2*2 to 4’3 fjL ^ 5 ) ; “ never over 4 /x ^*5) j j.y ^ (young), 2 fx (old) in 
diameter. In germination, the spore liberates a single naked, pear-shaped, uni- 
nucleate zoospore furnished with two unequal flagella at the pointed end 
After a short period of motility it comes to rest and undergoes considerable change 
of shape, lengthening out at its narrow end into a beak, while at the broader end 
putting forth portions resembling the pseudopodia of an amoeba. Such a body 
bereft of its flagella is called a myxamoeba, and some maintain that the body is 
not flagellated at all, Outside the host plant further stages of spore germination 
have not been observed. 

Infections have been studied chiefly in relation to seedlings of the cabbage, 
grown in soil contaminated with galls of club root finely macerated to ensure a 
maximum release of spores. A temperature of 25^" C. is favourable for these 
observations. Natural infection has been observed to take place when zoospores 
or myxamoebae come to rest on the moist surface of root hairs or other cells of 
the piliferous layer which presumably they penetrate without difficulty. Infection 

* The organism has recently been observed in root hairs of non-cruciferous plants. Webb, 1949 : 
Nature^ 163, 4146, p. 608. 
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occurs over a brief period only when the root hairs are young and full of proto- 
plasm. It increases with the density of the spores in the soil and is greatest when 
the latter is at a pH of 6*2, and least at pH 7*7 (35a) Access to the host tissues 
may also be obtained through wounds on root or stem, and perhaps through the 
natural openings at the points of emergence of lateral roots In the root hairs 
of seedlings, about 4 to 7 days from infection, bodies resembling myxamoebae 
may be seen, some appearing to move from one end of the root hair to the other. 
Should multiple infection have occurred, the myxamoebae retain their identity 
and their fusion in the root hair has not been observed. The myxamoebae still 
within the root hair now undergo transformation into zoosporangia, each giving 
rise to about 4 to 8 swarm-spores or zoospores. As the zoosporangia are all 
in close contact with the wall of the root hair, the swarm-spores, at maturity, 
are discharged through minute pores made at the points of contact. These 
new crops of zoospores, formed so early following initial infection, are con- 
sidered by some to be sexual gametes ^7) (they are smaller than the original 
zoospores) capable of pairing and fusing to form zygotes (cf. Spongospora sub- 
terranea, p. 495, and Synchytrium endobioticum, p. 500), but others have failed to 
detect fusion between any kind of motile bodies produced by the parasite of club 
root, the swarm-spores serving merely as additional infective bodies in the history 
of the disease Others have observed that the zoospores are sometimes dis- 
charged from the sporangia into the cavity of the root hair Bodies resembling 

myxamoebae which presumably have migrated from the piliferous layer have 
been observed in the inner tissues of the root, in the cortex, and even in cells 
near the root tip, having reached these destinations probably by progressive 
penetrations from cell to cell. Whatever the nature of the infecting body may 
be, whether zoospore, myxamoeba, swarm-spore, or zygote (Fig. 277) (from 
fusion of swarm-spores as potential gametes), it finally settles down in a living 
cell, usually in the cortex or in a medullary ray. By growth and active nuclear 
division, the body proceeds to build up a multinucleate plasmodium in which 
finally several hundred free nuclei are embedded. A typical plasmodium of 
P. brassicae (Figs. 2 f, g, 278) has the appearance of a frothy mass of greyish 
jelly containing a number of embedded granules and small oil globules ; the 
numerous minute nuclei are, of course, not discernible except in preparations 
suitably fixed and stained. At early occupation of a cell, it is not easy to distinguish 
between plasmodium-mass and host-cytoplasm, and the one lies against the other 
with no perceptible demarcation. Apparently there is little interference with the 
normal functions of the infected host cell for an appreciable time and the host 
nucleus looks quite normal. A host cell may possess more than one plasmodium, 
and the plasmodia appear to maintain their separate identity, but such a condition 
may apparently break down, and two or more plasmodia have been observed to fuse 
together into a common, but still multinucleate mass. Finally, by segmentation 
of the plasmodium, the whole mass becomes divided into as many units as there 
are nuclei, and these bodies become rounded off to form a more or less dense 
aggregation of spherical spores, each spore being furnished with a smooth wall 
enclosing vacuolated cytoplasm and a nucleus (Fig. 277 f). 

The presence of a plasmodium in a cell stimulates not only the occupied cell 
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to meristematic activity but also the cells contiguous to it. This is effected in two 
ways : (a) by the one or more divisions of the infected cell being accompanied by 
a sharing of the plasmodium into the daughter and subsequent cells, before the 
divisional walls are laid down ; and (d) by bits of the plasmodium, cut off within 
an infected cell, migrating through pores in the wall into contiguous cells, with a 
repetition of the same process within prescribed areas. Both of these methods 
appear to be operative, though several authors deny the capacity of plasmodia to 
penetrate cell walls. 

While, in the early stages of root infection, the invaded host cells are naturally 
those of the primary cortex, the parasite, later, seeks out the primary cambium. 
This meristem, however, is not seriously assailed until an appreciable amount of 
secondary tissues has been formed by it in the normal manner. The occupation 
of the cambium, however, initiates a much more serious phase of the disease than 
was the case in the occupation of the primary cortex. Plasmodial portions within 
dividing cambial cells are supplied to practically every living cell added by the 
cambium to the phloem and phloem parenchyma, as well as to the medullary rays, 
on both sides of it. But the parasitised cells, wherever they may occur, have no 
prescribed plan of division, and their irregular multiplication at advanced stages of 
infection takes place on so wide a scale that the proliferating tissues intrude upon 
the vascular elements of the wood to such an extent as to break the vascular 
continuity (Figs. 144, 278). Such abnormal meristematic activity, at numerous 
centres of infection within a root, causes considerable displacement of host tissues, 
which are therefore forced outwards and finally appear at the broken surface as 
clubs or galls of hypertrophied tissues 

Germination of the spores occurs over a wide range of temperature, according 
to various authors, from 6° to 27° C. ^^7) j 5° to 35° C. ; the optimum, between 18° 
and 25° C. or between 27^ and 30° C. ^5). In general, the range of tempera- 

ture for development of the disease is practically the same as for spore germination, 
but the temperature effects upon the growth of the host may be different ^^7), 

The amount of moisture in the soil is a significant factor in the incidence of 
this disease. In a graded series of experiments infection occurred at 60 per 
cent, moisture capacity of the soil but not at 45 per cent., or below, and with a rise 
above 60 there was a corresponding rise in virulence of the disease. But adequate 
drainage alone does not keep the disease in check, and it has been established that 
while the success of initial infection depends largely on the length of time the roots 
are in contact with water, favourable to spore germination, a fall in the moisture 
content, after infection has been accomplished, has little effect upon the progress 
of the disease. As short a period as 18 hours* incubation in the soil is sufficient, 
under excess of moisture, to establish thorough infection in the root 

Long before the true nature of club root was understood, soil acidity was 
considered to play the most important part in the development of the trouble, and 
the application of lime to the soil was one of the earliest methods used to combat 
the disease. But spore germination is not exclusively dependent on relative 
reaction of the soil and may occur with equal facility in alkaline or acid solutions, 
under certain controlled conditions, such as maintenance of a temperature not 
above C. jn the absence of a susceptible host the organism becomes 



CH. XII POTATOES AND ROOT CROPS 565 

exhausted sooner in acid than in neutral soils In general, the organism ceases 
to cause infection at, or slightly above the neutral point, and the maximum limit 
appears to lie between pW 6*9 and 7*8, perhaps nearer the latter value 
The action of liming the soil for the control of club root is still imperfectly under- 
stood, and the amount of lime added is not the chief factor in inhibiting spore 
germination But the form in which it is added is important, and while hydrated 
lime is of wide acceptance, its action is said by some to be due, not so much to its 
neutralising properties as to its direct toxic action on the parasite ; m this respect 
it was found to be much more effective as a lethal agent in the soil than the sulphates 
or carbonates of lime ^^7), In other cases, however, quicklime is reported to give 
better results than hydrated lime, or limestone Again, experiments conducted 
in Wisconsin in 1930 and 1932 showed that hydrated lime did not give uniform 
control in the field although the reaction was neutral, but the effects were much 
more successful under greenhouse conditions when frequent watering could be 
carried out. It would appear, therefore, that a fluctuation in the amount of soil 
water, and forced aeration, permit of varying degrees of infection even in slightly 
alkaline soils A high concentration of spores may also induce infection in 

such soils, and this may perhaps explain why liming sometimes fails to control 
club root <35 a) 

Lime is best applied in the hydrated form at the rate of to 2 tons per acre ; 
lime or quicklime should be allowed to slake by exposure, and applied at 4 tons 
per acre, forked well in, several days before planting In small areas good results 
follow the application of disinfectants such as the highly poisonous chlorides of 
mercury, corrosive sublimate, and calomel 3o, 33)^ In the planting of cabbages, 
for instance, the sublimate is employed, i oz. in 10 to 12 gallons of water, applying 
about I pint to each hole before planting ; or 2 per cent, formalin, at rate of 2 
gallons per square yard may be used 4 weeks before sowing ^33)^ Calomel may be 
used in powder form, a 4 per cent, dust raked into the soil at a rate of 1 1 oz. per 
square yard being very effective or the roots of each transplant may be 

dipped in the dust at planting Variable results are reported for the use of 

lime substitutes such as calcium cyanamide and nitro-chalk ^^3). 

Loam and clay soils are generally less prone to harbour club root than moor- 
land and light soils The application of organic manures fosters the disease, 

this being attributed by some to the capacity of the organism to exist in amoeboid 
form as a saprophyte, and by others to the action of the manures in encouraging 
the retention of soil moisture favouring spore germination. In the field, such 
manures as well as acid fertilisers should be applied at other periods in the rotation 
when non-cruciferous crops are grown. Long periods of rest from crucifers are 
advisable in order to starve the parasite out of the soil, and every effort should be 
made to eradicate susceptible weeds from the vicinity of the crops. 

It is recorded that club root is most severe on turnips having a high content 
of sugar, and a direct relationship has been found between relative resistance of 
the host and the percentage of certain glucosides which, in fermentation, produce 
highly pungent mustard oils ; and the further suggestion is made of the possibility 
of controlling club root by breeding and crossing of species otherwise desirable 
but deficient in the active glucosides, with those containing higher amounts of 

T 
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these substances ^s), it is interesting to note that a chemical analysis of leaves 
and roots of healthy cabbage, in comparison with those of plants diseased with 
club root, showed a difference in protein content ; in healthy leaves it was 33*37 
per cent., and 28*65 per cent, in leaves of diseased plants ; the values in the roots, 
however, were of a reverse order, being 11*19 per cent, and 32*87 per cent, in 
healthy and diseased roots respectively ; moreover, the amounts of phosphorus 
and potassium were larger in healthy leaves than in leaves from diseased plants, 
the reverse being the case in the roots 

Immunity from club root is not claimed for any kind of crucifer. The yellow 
turnip, Bruce Purple Top, The Wallace, Dale’s Hybrid, and Irvine’s Greentop 
Yellow, possess high resistance In Sweden the first variety is favourably 

reported upon, as well as another kind, ‘ Immuna ’ In Wales, the Danish 

strains of swedes are recorded to have superior resistance in comparison with 
British kinds ; while none of the strains was found to be immune, they all gave 
higher yields on infected land than any of the home varieties, and though they were 
considerably out-yielded by the latter in healthy soil, they still possessed better 
keeping qualities. Of the Danish Bangholm swedes, the best-resisting are Hernig, 
Studsgaard, and also the 0 fofte strain of the variety Wilhelmsburger ; the Welsh 
trials also point out the importance of knowing the place of origin of the seed 
No varieties of cabbage, broccoli, or brussels sprouts are immune from club root, 
but marrow-stem kale and some strains of kohlrabi are less susceptible to it. 
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Dry Rot and Canker of Swede and Turnip, Phoma lingam (Fr.) Desm. 

Dry rot of swede and turnip has been known in England for nearly half a century 
and is common everywhere throughout Britain ^'3, 14), It also occurs in Denmark 
and Canada, and appears to be the most serious disease of root crops in New 
Zealand Weeds, such as wild turnip, white mustard, charlock, wild radish, 

horse-radish, and wallflower, are known to be attacked by the fungus Phoma 
lingam causing this dry rot, and some of these may serve as carrier hosts to the 
cultivated crops in the field. As there are two fairly distinctive phases of this 
disease, one a wilt, the other a canker, it is very difficult to assess the losses incurred 
in the growing crop, and later, when the roots are in storage. Though not usually 
as serious a trouble as ‘ club root in a bad season losses may be from 10 to 50 
per cent. and 50 to 100 per cent, of swede crops have been lost in New 

Zealand where it is less severe on turnips, though losses up to 40 per cent, have 
been experienced on that crop as well On some farms in England, where short 
rotations are practised, swede crops have had to be abandoned owing to the severity 
of dry rot 

The disease may start on young seedlings as well as on mature plants. All 
parts may be attacked, including pods and seeds. When seedlings are about a 
week or a fortnight old, sometimes the cotyledons of affected plants turn grey and 
shrivel up in 2 or 3 days In other cases seedlings may perish from being 
attacked at the hypocotyl or at the root tip ; seeds may sometimes be so severely 
infected that they decay without germination ^7). Even at these very early stages 
of the disease on ungerminated seeds and seedlings killed, the tiny black pycnidial 
fructifications of the fungus are produced in great numbers. These early seedling 
infections are believed by some to serve as foci of infection for spreading the rot 
to the surrounding healthy crop. Typical dry rot usually begins about mid-July 
when the fleshy roots are about | inch thick, the plants in scattered places in the 
field showing a bluish coloration of the leaves, in striking contrast with the green 
of the healthy crop. Such plants soon wilt and may be so girdled with disease 
that the upper parts collapse and separate easily from the rooting portion. On 
the crowns of these plants the tiny black pycnidia are present in great numbers 
and serve to infect surrounding plants. Spread of infection, however, is slow, and 
decay within confined areas extends very gradually and is never epidemic through- 
out the entire crop. 
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Dry rot does little harm to the expanded leaves of established plants but 
usually on the older, yellowing, drooping leaves, less commonly on those still 
green, slightly sunken spots may arise on any part of the leaf blade, usually circular, 
or angular if against a vein, i to 1 1 cm. in diameter, of a dirty-white colour, with a 
light-brown or yellow margin, and when held up to the light each spot is bordered 
again by a zone of deeper green than the surrounding area Numerous black 
pycnidia develop on both sides of a leaf spot (Fig. 279 b), but some authors state 
that these leaf pycnidia never open in the field to set free their spores dis- 
semination apparently taking place only from those formed on other parts such as 
the neck, bulb, pod, and seed. 

The more serious phase of dry rot, the canker stage, starts at the neck and later 
penetrates into the interior of the bulb, resulting in the partial or complete breaking 
across of plants at soil-level. Bulb rot is accompanied by an internal blackening 
of the tissues and the production of abundant black pycnidia on the lesions or 
around the lips of the dry, gaping canker (Fig. 279 a). Early signs of the onset of 
canker consist of small green spots on the neck of the bulb ; they are horizontally 
elongated and depressed and later turn grey or brown in colour. In small bulbs 
these lesions may extend inwards and cause early death. At first few in number 
on the neck, the lesions increase and may become scattered over the entire exposed 



Fig, 279- — Dry rot of swede (Phoma Ungam). A, lesion on the bulb. B, the tiny black pycnidia 
bordering a lesion on the leaf. C, pycnidia (enlarged) on the bulb (photos A, B, by Foister 
& Noble) 
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surface of the bulb, but rarely developing below soil-level. Though lesions may 
be numerous on the more advanced bulbs, the latter are not killed unless the lesions 
join together. When a lesion is young and growth of the plant is vigorous, a 
horizontal crack may develop in the rind and girdle the plant so completely that 
the top falls off, leaving the rooted part behind. Pycnidia are usually abundant 
in the vicinity of the bulb lesions but are not invariably present 

On the flowering stems of plants grown for seed small lesions similar to those 
described on the neck may frequently occur. After flowering is over, lesions may 
also be seen on the pods, and these may take the form of indefinite blackened areas 
either at the point of attachment of the pod to the axis or at the stigmatic end, or 
of better-defined spots at intermediate points, somewhat similar to those on the 
green leaves. Infections from such pod lesions may enter any seeds in contact 
with the affected pericarp, and sometimes penetrate so deep into the seed as to 
stop its development, but seed infection very rarely goes beyond the testa. It is, 
however, important to note, despite the fact that infected seeds are considered by 
many to play but a minor part in the spreading of the disease, such seeds when 
killed outright, or soon after germination, produce pycnidia and spores (especially 
in sunlight), and if they can persist in the soil it is quite likely that diseased seeds 
may act as foci of infection ^7). Rut the methods for over-wintering of the fungus 
are discussed again below. 

Phoma lingam, the parasite of dry rot, is a member of the Sphaeropsidales (Fungi 
Imperfecti). The pycnidia are sub-epidermal, black, globose or lenticular, from 130 to 
340 jjL in diameter, opening by an ostiole ; pycnospores arising from a layer of beaked 
cells lining the fructification are unicellular, elliptical, slightly curved, from 3*5 to 6 by 
0*8 to 2 jx in diameter ; they are hyaline and embedded in mucilage which in moist 
weather is extruded with the spores through the ostiole, the spores being scattered in 
raindrops or perhaps borne away by insects. In dry weather the pink spore tendrils dry 
out, becoming firmly fixed to the substratum ; the spores remain viable in the dried 
mucilage for over 6 weeks, but without its protection survive for only 5 to 10 days, or 
less Different strains of the fungus are known to exist ; in artificial culture these 
differ mostly in their rate of growth and capacity for staling of the medium ; in general, 
the colonies are irregularly lobed, the aerial mycelium being of a dirty-white colour above, 
and slightly olivaceous within the medium (potato-dextrose-agar, at 20° C.) ; mono- 
spore cultures, kept moist, produced concentric rings of pycnidia in 10 to 24 days ; the 
optimum temperature for growth is 25*^, and for pycnidial formation somewhat lower, 
20° C. ; exposure to strong light favours development of pycnidia 

There is general agreement that Ph. lingam survives from season to season on 
the decayed remains of infected crops in the soil, but it does not appear to be 
capable of long existence in the soil ; it is reported to live at least for one or 
two seasons ; in New Zealand it was isolated from a moist soil two months 
after the removal of the infected crop but was not recovered after that period 
unless associated with host debris Whether the organism of dry rot can also 
survive on the seed has long been a vexed question. There is abundant evidence 
that the seed coat carries infection (pycnidia) which may attack the seedling in its 
early growth, but according to some, seed infection occurs on too small a scale 
to account for heavy infections usually witnessed in the field. On the other hand, 
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in New Zealand, where the disease in many places has been a limiting factor in 
the raising of swede crops, infection is believed to start from seed, occurring there, 
too, on swede seed imported from Britain ^4). The severity of the disease in New 
Zealand is otherwise difficult to explain, but there is evidence from this quarter 
that certain insect vectors attracted by the mucilaginous spore tendrils may also 
distribute the disease Furthermore, there is undoubted evidence that 

dry rot can start afresh on swede crops after many years of rotation, or on newly 
broken old pastures where there was no likelihood of the disease having been 
carried to the new crop in any other way than from infected seed, such as, for 
instance, by any weeds susceptible to it It seems fairly clear, therefore, that 
while in severe attacks the spread of dry rot is mainly from infected debris left in 
the soil, there can be little doubt that true primary attacks arise from the planting 
of infected seed. Probably one variety of swede is more prone to seed infection 
than another ; it is recorded that when seeds from two stocks of the same variety 
of swede were planted in clean soil, one stock gave 6o, and the other only i per 
cent, of diseased roots Much disease probably ensues from a combination of 
infected seed and the use of manure contaminated with crop debris. 

The various parts of the growing plant become infected from soil-level up- 
wards by the spores of the parasite being splashed by rain and wind, the lower 
parts becoming first affected and, having formed pycnidia and spores, the latter 
are carried up a step higher from leaf to leaf, causing fresh infections and pycnidia 
until finally the pods, and from them the seeds, are in turn infected. Infections 
are thus external, occurring through lenticels, leaf scars or wounds, not, it is 
believed, through unbroken rind ^^4)^ but uninjured leaves are said to be invaded 
by the spores, pycnidia appearing within three days after the spots are first visible 
The fungus destroys the cells of the leaf, the affected part turning brown, and from 
groups of hyphae which collect at various points under the epidermis (upper 
and lower) pycnidia are developed In the neck and bulb, the intercellular 
mycelium spreads in the cortex, chiefly in a tangential direction, inward penetration 
being slower, but when the deeper-seated tissues are invaded the mycelium may 
also be seen inside the host cells ; cambial and phloem tissues may thus be occupied 
and the fungus may collect in masses near the xylem. Though pycnidia are early 
formed at points of infection, later, with the rupture of the lesions due to growth 
and expansion of the bulb, they continue to be formed at varying depths into 
the wounded tissues as well, but getting less and less black the deeper they are 
formed and becoming less efficiently enclosed because of the poor development 
of the pycnidial wall, since they are protected in crevices in the host tissues ^^4), 
Bulb infection is always followed by death of the plant ; complete decay of large 
bulbs occurs towards the end of the season, when they dry out and become mum- 
mified (4). The fungus is present in all the lesions on the pods, and after traversing 
the pericarp wall, may fill the interior of the pod with a flocculent mycelium which 
may penetrate the seeds, especially those in the vicinity of a lesion ^4) • all parts 
of a seed may be penetrated and destroyed, but mostly only the testa becomes 
aflFected As already mentioned, young seedlings may contract infection from 
the testa when this is carried up on the tip of one or other of the cotyledons at 
germination ; the fungus grows out of the testa into the cotyledons, to produce 
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a small grey or brown lesion, the tissues being destroyed in the same way as 
described above in the case of the foliage leaves. Even if affected seeds do not 
germinate, pycnidia may still be developed on the seed coats in a few days, and 
young seedlings which contract infection through the hypocotyl, if the testa is 
not carried up on the cotyledons, usually develop a rot which involves the entire 
seedling, and pycnidia may appear on any of its parts ^ 7 ), 

Dry rot appears on all types of soils. There is no evidence that severity of the 
disease is dependent upon high moisture content of the soil ; in Scotland it is as 
severe in the dry north-east as in the wet south-west areas, so that its distribution 
appears to bear no relation to the amount of rainfall ^ 7 ). 

Since dry rot is mainly contracted through sowing in contaminated soil, 
suitable rotation should be observed, as practised, for instance, by the Lothian 
farmers who carry out a six-course rotation, the cruciferous crop following either 
potatoes or oats With regard to cultivation, the disease is said to be less 
severe when the roots grow close together, presumably because the dense over- 
lapping foliage forms a canopy over the bulbs protecting them against rain-splashed 
spores In certain parts of New Zealand it is the practiceof farmers deliberately to 
choose a smaller yield by sowing thickly and late, rather than risk the almost certain 
loss of a better crop obtained by sowing earlier with better spacing of the plants 

Various treatments to destroy the fungus on the seed have proved ineffective or 
impracticable on a commercial scale 7, u)^ No variety of swede is reported to be 
resistant to dry rot in all localities under similar conditions. Swedes are generally 
more susceptible than turnips, yellow turnips showing distinct resistance 16)^ 

For the protection of plants cultivated for seed, spraying with Bordeaux 
mixture is recommended The most promising line of enquiry towards the 
eradication of the disease is that of more rigid inspection and selection of seed 
plants exhibiting less and less tendency to canker and dry rot 
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Brown Heart or Rot of Turnip and Swede {non-parasitic) 

This important disease of turnips, swedes, and allied plants is due to boron 
deEciency. It has probably arisen through the diminished use of manure and the 
greater purity of artificial fertilisers, so that it has become necessary to add the 
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mineral to the soil ^3, 4, 8, 9) disease is known in England, Canada, and New 

Zealand as brown heart or heart rot, in Scotland as ‘ raan and by various other 
titles in Scandinavia, Holland, and Germany. It is fairly common after dry 
seasons, and in calcareous soils. 

Experiments reported from Canada in 1937 (the trouble was stated to be a 
limiting factor in the growing of swedes and turnips in eastern Canada), from 
Scotland, Wales, and Norway in 1935 showed that this disease was controlled 
by soil applications of sodium tetraborate (borax) and other boron compounds. 
In Canada, it is estimated that losses due to this disorder amount to about 50,000 



Fig. 280. — ^Brown lieart of swede. A, in longitudinal section. B, in transverse section (photos 
by Foister & Noble). C, JD, cross-sections of turnip showing brown heart after six months of 
storage (photo by O^Brien, by permission of West Scot. Agric. Coll., Auchincruive) 
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dollars every year The use of finely powdered borax, at the rate of lo to 
20 lb. per acre, shortly before sowing the seed is now a general remedy. 

Brown heart, as seen when the ‘ bulb ’ is cut across, is marked by the develop- 
ment of a well-defined, brownish, mottled, more or less watery area, not extending 
past the cambial layer, in the root (Fig. 280). No external symptoms are visible 
at this stage. As the turnip grows older the mottling becomes less noticeable, 
being replaced by a greyish-brown dry mass of broken-down cellular tissue, 
but there is no spreading rot. The trouble appears to begin, in seedlings, in the 
lower part of the tap root and to be associated with abnormalities of the xylem ; 
in older plants the middle lamella is swollen in the brownish areas. In swedes 
suffering from boron deficiency there is developed a wide zone of thin-walled 
cells from the cambium. Greater damage to the cell walls in initial attack was 
observed in the secondary vascular bundles, followed by the formation of thick- 
walled cells distinct from all the adjacent tissues Affected roots have a bitter 
taste, are woody when cooked, and their feeding value is much reduced, the loss 
in sugar being as much as 12 per cent. In Eire, in 1940, brown heart affected 
about 90 per cent, of swedes in south County Kildare on an alkaline light soil, and 
was controlled by the application of borax, spraying the crop in the third week 
of July, with the solution, reducing the amount of disease to a greater extent 
than making soil applications by broadcasting at sowing time, or by applying 
the compound to the side of the bulbs, at the same rate of 21 lb. per acre, while 
the spraying was effective at the rate of 7J lb. per acre 

Some varieties are relatively resistant but none appears to be completely so, 
and all may show symptoms under adverse soil conditions such as are induced 
by liming certain soils. In Welsh experiments, the variety Superlative showed 
marked resistance. In Great Britain the purple-topped varieties are in general 
more prone to the disease than those with green tops In New Zealand, Vilmorin 
and Wilhelmsburger swede varieties appeared to be somewhat more resistant 
to brown heart than Superlative and Sensation The brassicas are more sensitive 
to boron deficiency than ,beet, and their seeds contain too little to enable the 
cotyledo||p and first true leaves to develop ; swedes have been found in England 
to suffer severely from brown heart in acid soils alongside beets and mangolds 
which showed no symptoms Pot culture experiments at Cambridge have 
shown that turnips deprived of boron suffer from severe marginal scorch of the 
outer leaves, twisting, elongation and narrowing of the inner leaves, and stunting 
and roughening of the root, which tends to rot. 

Applications of borax even as low as 3 lb. per acre have proved beneficial in 
New Zealand, but a lesser rate than 10 lb. cannot be relied on, and in highly 
calcareous soils 20 lb. or even more may be necessary ; an increased yield of 5I 
tons per acre has been obtained by an application of 15 lb. without causing injury 
to ordinary crops in subsequent rotations ^5). If Ume is required for the root crop, 
or is applied to combat club-root disease {Plasmodiophora brassicae)^ an application 
of boron at the same time may be advisable. 
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Downy Mildew of Beet, Peronospora schachtii Fuckel 


Though known in Europe as far back as 1852, downy mildew of sugar beet 
did not appear in England until 1921, in the counties of Lincoln and Cambridge. 
It is believed to have occurred on mangolds in 1913 and again, in 1925, on a 
mangold crop grown for seed in east Kent The first record of the trouble 
in the United States was in 1911 on sugar beet in California, in which area 
much research has since been carried out in relation to various aspects of this 
disease and further investigations have also been made in France 

The mildew is prevalent in most European countries and has also been reported 
in Egypt, Palestine, Japan, the Argentine, and various localities in America. 

Early seedling infections often account for complete loss of plants in the root 
beds, while in later attacks disease on the foliage may so interfere with normal 
plant functions as to cause considerable reduction in the amount of carbohydrate 
stored in the roots, a feature which naturally affects the plants more adversely in 
early than late infections Still later infections, incident at the time when beets 
grown for seed are in flower, may, by reducing the number of flowers in the in- 
florescence, or by otherwise reducing their fertility, cause serious losses in the 
amount of seed produced. 



Fig. 281 . — Downy mildew of sugar beet 
{Peronospora schachtii). The mildewed 
leaves at the crown (photo by Dillon 
Weston) 


Symptoms of trouble in the root beds 
are manifest by gaps in the drills, thus 
indicating destruction at early stages of 
germination. Plants attacked after making 
good growth show thickened and stunted 
stems, accompanied by the development 
of several thin secondary shoot? growing 
out from the sides of the crown (Fig. 281). 
The lower leaves on the main stem of 
affected plants are smaller than normal, 
thickened and twisted, and covered on the 
under side with the buff-grey conidial 
fructifications of the mildew. 

It is not known with certainty how 
primary infections of the seedlings in the 
field arise, whether from infected seed or 
from soil contaminated with the resting 
spores of the causal fungus. During infec- 
tions of seedlings, under moist condi- 
tions, the cotyledons curl downwards and 
soon become covered over with conidia, 
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the young plants usually dying off, but cotyledonary infections, though easily 
effected under artificial conditions, are of somewhat rare occurrence in the field. 
Infections commonly occurring on older, expanded leaves consist of isolated 
or united spots of irregular shape, from i to 4 cm. in diameter ; on the upper 
surface the spots are a paler green than the rest of the leaf and are coated on the 
corresponding under side with conidia, and if the weather has been dry for an 
appreciable period the spots are usually surrounded by a narrow ring of a pale red 
colour. Infected plants which continue their growth into the autumn may show, 
especially after heavy rainfall, an abnormal increase in the number of young leaves 
in the central rosette. These young leaves are smaller than usual, puckered and 
covered with mildew towards the base of the lamina and petiole, but their tips 
usually remain quite unaffected, flat, and of a normal green colour The 
central rosette, though heavily mildewed, may often be surrounded by older leaves 
which to all appearances are healthy, but in severe infections all the leaves may be 
killed In beets grown for seed, the disease causes a decided check to the elonga- 
tion of the inflorescence axis on which, towards the base, the leaves are again 
thicker than normal, curled, and heavily mildewed, and the axillary floral shoots 
may either be suppressed, or remain dwarfed and distorted. Floral shoots which 
survive to blossom may also show infection in the form of swellings or blisters, 
particularly on the bracts and on the sepals of 


the flowers ; in place of flowers there is often 
such an abnormal development and dense 
assemblage of small foliage leaves as to give 
the floral axis the appearance of a densely 
foliaged vegetative shoot. But even in ad- 
vanced cases of infection of the inflorescence, 
it is not unusual to find apparently healthy 
‘ seed balls ’ (fruits) among sterile flowers which 
are covered with mildew , and many fruits con- 
taining germinable seed may carry conidial 
fructifications on the dried, protective sepals 

Downy mildew of beet is caused by the 
Phy corny cete, Peronospora schachtii The organ- 
ism produces both conidia and oospores but the 
latter have not been observed in all localities where 
the disease is known The mildewed appear- 
ance of the leaves is due to emergent conidiophores 
(Fig. 282) which pass out at the stomata singly, or 
in groups of about three, but many more may be 
seen on mildewed cotyledons. The conidiophores 
are straight for about three-fourths of their length 
before they branch out in characteristic and 
regular fashion to produce ultimately from 5 to 
40, or even more, hook-shaped sterigmata each 
bearing a conidium, the length over-all ranging 
from 200 to 500 jLt sometimes up to 600 



Fig. 282 , — Peronospora schachtii. Two 
conidiophores and conidia ( x 250) 
(after Salmon & Ware, Wye Re- 
ports) 
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The oval-shaped conidia measure from 20*3 to 28*1 by 17*5 to 24*3 /x or show 
mean dimensions of 22 by 18 /x The multinucleate conidia germinate at compara- 
tively low temperatures, 92 per cent, germination being obtained at 4° C., decreasing 
with higher temperatures of 10°, 21°, and 30°, to 75, 10, and o per cent, respect- 
ively but an optimum temperature of 10° C. has also been observed and slightly 
higher temperatures are required for sporulation Although spore germination 

was reduced, conidia were not killed by freezing at -12° C. for 24 hours, and under 
natural conditions were enabled to survive periods of frosty weather Germination of 
conidia is mainly direct by germ-tube, but the formation of zoospores has also been 
observed The oospores are found mainly in the foliage leaves, but have also been 
seen in the floral organs, namely, sepals and pericarp of the seed clusters, and while their 
formation is apparently connected with maturity or death of the host, they may also 
arise in young leaves, and under artificial conditions have been produced in both cotyle- 
dons and young leaves within 30 days after inoculation with conidia The round, 
multinucleate oogonia are fertilised by paragynous antheridia ; the oospores measure 
from 26*6 to 35*6 /X in diameter, and have a wall 1-2 to 3*4 thick. Some have succeeded 
in getting the oospores to germinate but others have failed 


While the fungus becomes established mainly in the foliage leaves, it can also 
invade the entire plant, penetrating even into the vascular system of the crown 
and, to a lesser extent, the roots. Leaf penetration by germ-tubes is stomatal, 
and infection hyphae ranging from 4*4 to ii /x in diameter ramify in the 

intercellular spaces to produce a somewhat coarse mycelium which enters the 
mesophyll cells here and there, to form large, branched, lobed haustoria (Fig. 
82 g) The fungus concentrates much more in the spongy than in the palisade 
region of the leaf, so much so that, later, it becomes difficult to differentiate between 
these tissues of the leaf. Moreover, by hypertrophy, the leaves become considerably 
thickened, and meanwhile the affected parts of the lamina are of a much paler 
green than the normal parts, and the amount of carbohydrate produced in them 
is much less than in the healthy tissues. 

The mycelium may be found in the leaf petioles, in the axis of the inflorescence, 
and in various organs of the flowers. While no sure connexion between mycelium 
in the older leaves and that in the crown has been established, continuity has, 
however, been detected between mycelium in the tissues of the crown and that 
found in the new leaves forming the rosette at the centre of the crown. Neverthe- 
less, such new leaves in the rosette appear to become infected externally, from 
wind-borne conidia which settle and germinate on them chief!)" along the tender 
petioles and succulent bases of the leaves. The probability is, therefore, that 
the crown becomes infected through the bases of the young leaves, and not from 
any mycelium that may have passed into it from older infected leaves. Again, 
while the first cauline leaves on the axis of the inflorescence often remain 
healthy, shoots and flowers in the axils of these leaves may be found severely 
infected. This is believed to be due to systemic infection, the fungus in the crown 
keeping pace with the elongation of the axis and the formation of the flowers, 
the mycelium being eventually found in the sepals, pericarp, and even in the 
stamens, at a time long before the flowers were open in the natural way for pollina- 
tion and when external infection might also take place. Not only has the fungus 
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been found in the pericarp and sepals, but also in the integuments of young 
ovules, and in many cases oospores of the organism have been found in the sepals 
and pericarp, but in no instance has deep-seated infection of the nucellar and 
embryonic tissues been observed However, a contrary view is held, that 
floral infections, like those of the young leaves in the leafy rosette, are also of 
external origin from secondary infection by wind-borne conidia In any case, 
the undoubted observation of the presence of mycelium and oospores embedded 
in the coverings of the mature seed balls (beet ' seed ’ is actually a fruit furnished 
with a thickened persistent perianth which is prickly and absorbent) is obviously 
of great importance in the possible survival of the fungus of beet mildew on the 
seed, whether infection originates from without from air-borne conidia or from 
within in a systemic manner from the crown. 

Infection wdth conidia is effective over a wide range of temperature, from 5“ 
to 20"^ C., the optimum being 8° C. Cotyledons and young leaves are highly 
susceptible, older leaves being more resistant. Infections in the field may appear 
on seedlings within a month of emergence and it is significant, in the case of a 
particular crop under observation, that all infections, with the exception of two, 
were caused by wind-borne conidia, the exceptions being considered primary 
infections from seed transmission or, perhaps, from the presence of oospores in 
the soil 

What form the fungus of downy mildew of beet may adopt for survival over 
the winter is not clearly known. In the case of beets stored for seed production 
there is ample evidence of the over-wintering of mycelium in the tissues of the 
crown, the mildew breaking out afresh when such beets are planted We 

have seen that the fungus is capable of tolerating low winter temperatures, and 
there can be little doubt that by this method of beet culture perennial mycelium 
offers, at least, one way of establishing the fungus in the seed fields in the spring. 
The existence of oospores in the soil is another possible means of perennation, 
but these spores have not been observed in all places where the disease is common, 
and the conditions of the environment under which they are developed, and their 
germination made possible, are not known, and all attempts to induce infection 
of seedlings in soil deliberately contaminated with them have failed There 
still remains, therefore, the probability that the disease may be transmitted by 
seed. As already stated, evidence of the presence of mycelium in the pericarp 
of the seed ball and in the inner layers of the seed-coat has been established, with 
or without the formation of oospores. Possibly, from a few foci of infection set 
up by such infected seed, a number of primary infections may provide sufficient 
conidia to spread the disease to all parts of the crop by secondary infections. 

As so many doubtful points have been raised in relation both to the survival 
of the fungus on the seed and the longevity and role of the oospores in decayed 
plant-remains or in the soil, it is obviously important to use seed only from disease- 
free plants, and not to plant a beet crop in land recently occupied by the same 
host. When transplanting, all plants showing any suspicion of the mildew on the 
leaves should be rejected and destroyed. Seed beds should not be planted near 
field crops of mangolds or beets, to avoid the possibility of transmission by conidia 
from one crop to the other. There is no definite evidence that any other member 
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of the beet family, except the wild beet {Beta maritimd) found near the seashore, 
acts as a carrier host to this disease. 

Out of a large number of experiments to test resistance to mildew ^7, 9) only 
very few varieties of sugar beet showed any measure of resistance to downy mildew 
in the localities where these were performed. Spraying with Bordeaux mixture, 
or dusting with copper-lime, to check the disease in the root beds has been tried 
by some growers, but no definite evidence of the beneficial effects of these treat- 
ments is so far available. 
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Black Leg of Sugar Beet, Pythium de baryanum Hesse ; Phoma betae Frank ; 
Corticium solani (Prill. & Delacr.) Bourd. & Galz. Pythium spp. ; Pythium 
aphanidermatum (Eds.) Fitzp. ; and Aphanomyces levis de Bary 

‘ Black leg ' disease causes serious losses in fields of mangold and sugar beet 
during germination and early stages of growth ; older plants are generally safe 
from infection. 

The disease has long been known to attack mangolds in Britain and it 
appears also to have existed on beets in certain parts of England about 1895 or 
earlier, but it is not as serious a trouble of sugar beet in this country as in America 
In Britain, the three principal fungi associated with it are Phoma betae^ Pythium 
de baryanum and other undetermined species of Pythium^ and Aphanomyces leviSy 
Phoma being the most important, but Pythium is reported to be the more common 
cause in south-west England In America, certain strains of Corticium 

{Rhizoctonia) solaniy which are, apparently, different strains from those found in 
Europe, and another species of Pythium^ P. aphanidermatumy are also named as 
causal organisms. In Germany, Alternaria tenuis is also cited Most, if not 

all, of these organisms are considered to be only weak parasites, and there is reason 
to believe that certain factors pertaining to soil and climate, as well as other troubles 
of the sugar beet of a physiological nature arising probably from deficient nutrition, 
are actually the precursors of black leg disease and which render the weakened 
seedlings susceptible to attack by these various fungi ^7), 

Early infection by any of these organisms may take place as soon as growth 
occurs outside the seed coat, or shortly before the young shoot emerges from the 
soil. On seedlings which succeed in breaking through the soil, the general symptoms 
consist, at first, of water-soaked spots on the young stem at or just below soil-level, 
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but as the lesions get bigger they turn brown, and later black. If infection pene- 
trates as far as the vascular bundles the seedlings rapidly wilt and die ; their 
roots are blackened and reduced to mere threads If the lesions go no further 
than the cortex, they usually heal up and the plants may survive Apparently 
it depends on the general vigour and rate of growth of the seedlings in comparison 
with the rapidity of penetration, whether invasion is held up in the cortex or is 
allowed to proceed into the vascular system. 

The main structural and reproductive features of the fungi named above, 
and the symptoms caused by them separately in natural or artificial infection of 
beet, are outlined below, but as they produce so many symptoms in common it 
is often very difficult to ascribe certain phases of the disease to any one of them 
without resort to artificial culture 

Pythium de baryanum 

While there can be little doubt that the effects of this fungus are mainly those 
of ‘ damping-off ’ of seedlings at soil-level, the same organism may also exact 
heavy toll of seedlings during pre-emergence so that the latter form of this 
disease, which has long been associated with Phoma betae^ is evidently not the work 
of that fungus alone. (Other species of Pythium^ including P. ultimum attack 
beet and the latter is also known to cause a pre-emergent blight of tomato \) But 
in view of recent important work in America corroborating much previous 

research in that country * 3 . 29, 35) and in Germany 30, 31)^ Pythium 

must rank first in importance, in relation to this disease, as a damping-off parasite. 
Damage to sugar beet in Iowa, caused by this fungus, is reported in certain seasons 
to be as high as 95 per cent, of the crop, and it is not uncommon to find fields 
in this area with stands of less than 50 per cent, nearly every year, and the trouble 
is sometimes so serious that entire fields have to be abandoned for growth of 
sugar beet owing to high mortality of seedlings ^5). This fungus, a member of the 
Peronosporaceae^ is well known as a parasite attacking seedlings of cruciferous 
plants, but it is also associated with diseases of such diverse nature as a ‘ root 
rot ’ of conifers ‘ stem rot ’ of Pelargonium ‘ fruit rot * of pepper 

and in some areas it is responsible for poor stands of oat and barley 

Although its parasitic propensities are undoubted Pythium attains its maximum 
development and reproductive activity as a saprophyte. The mycelium is both 
intra- and extra-matrical in its relations with the host ; the hyphae, 3 to 4 ^ wide, 
are irregularly branched, at first continuous and crowded with dense protoplasm 
in which fat and glycogen are abundant ; at a later period septation usually occurs 
and the time of formation of septa depends entirely on the supply of nutrition 
available, for if this is scanty the basal parts of the hyphae during their growth 
become emptied of protoplasm which passes on to the apical portion and septa 
are formed to cut off the full from the emptied parts. Cross-walls in the vegetative 
hyphae may thus arise at any time apart from their appearance at the development 
of the reproductive organs 

P. de baryanum forms two kinds of spores, namely sporangia (which may also function 
as conidia) and resting oospores. The spherical or slightly ovate sporangia, 10 to 35 in 
diameter, may arise in a terminal or intercalary position on the mycelium (Fig, 283). 
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It is merely a question of environ- 
ment whether these asexual spores 
behave as conidia or become spor- 
angia, to germinate, in the former 
case directly by formation of germ- 
tubes, or in the latter, indirectly, by 
developing zoospores. The conver- 
sion into sporangia may be observed 
by bringing the mature spores into 
fresh, well-aerated water exposed to 
light . The contents of the sporangium 
are discharged into a protruding 
vesicle within which a number of 
kidney-shaped, biciliate zoospores 
are developed After release, 

the motile zoospores come to rest, 
round off, develop a membrane and 
germinate to produce a branching 
mycelium. The conidia, as such, 
are capable of direct germination 
after many months’ rest The 
sexual organs, oogonia and anther- 
idia, usually appear at a later stage 
than conidia or sporangia but there 
is really no relation in time ; they 
may arise either within or outside 
the substratum. In position on the 
mycelium, terminal or intercalary, 
and in the early stages of their formation, oogonia resemble sporangia, but have a smaller 
range of diameter, from i6-6 to 22*1 fi. Paragynous antheridia, of which one or 
more may invest an oogonium, may arise in various positions relative to the latter, either 
from the same hypha bearing the oogonium or from a neighbouring branch. Following 
fertilisation by a conjugation tube, each oogonium produces a single spherical oospore ; 
oospores, with smooth walls varying from 1*5 to 2 /x in thickness, average from 13*16 to 
17/Ll in diameter. On the decay of the host the oospores pass into the soil where they 
are capable of wintering, and on germination may give rise directly to germ-tubes, or 
indirectly to zoospores, either of which, by coming into contact with the hypocotyl of 
germinating seedlings, bring about fresh infections. 

The first sign of infection by Pythium is a glistening, water-soaked spot on the 
hypocotyl, about J to 2 inches below the surface of the soil, according to the mois- 
ture-level and depth of planting. Penetrations are usually quite localised, either 
at the collar region, directly into the base of the hypocotyl, or into the upper parts 
of the roots close to the collar. The infections bore quickly through the outer 
layer of the hypocotyl or root and, entering between the cortical cells, cause the 
latter almost immediately to lose turgescence and, following upon shrinkage and 
softening of the hypocotyl, the seedlings collapse. 

In mixed inoculations with Pythium and Phoma (which may be effected by 
intro4ucing a culture of Pythium into sterilised soil, and planting in it Pkoma^ 



intercalary sporangium. C, the same, germinating. 
Z), liberated sporangium germinating direct. E, 
early stage of indirect germination of sporangium, 
forming, as in F, a vesicle into which the contents 
are passed to form zoospores. G, the liberated 
zoospores. iZ, I, zoospore germination. J, Z, 
the sexual organs, spherical oogonia with club- 
shaped antheridia. A/, O, stages in the forma- 
tion of the oospore (all x 250) (after Butler) 
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infected seed) it is the general observation that if Pythium is abundant and active, 
the seedlings may be destroyed before Phoma makes any progress, so that Pythium 
appears to act more quickly than Phoma * 3 . 30, 31)^ 

Under conditions of uniform soil moisture Pythium is more active at com- 
paratively high than at low temperatures. A strain of the fungus attacking cress 
in Wisconsin caused infection in over 80 per cent, of the seeds and seedlings, 
over a range of 20^ to 30"^ C.; at lower temperatures the percentage was lower 
Moreover, when temperatures are high, growth of seedlings is so stimulated that 
the hypocotyls, drawn and etiolated, are rendered more sensitive to attack, and 
damping-off inevitably follows. Under conditions of low temperature, however, 
the fungus is checked and growth of the host is retarded, but the plants, though 
small, remain healthy. The fungus does not thrive in cold soils, and is most 
destructive in the fields when seeding has been done late and soil temperatures 
are still high In general, temperatures of 15° C. and below, are more unfavour- 
able to damping-off than to seed germination and emergence, a conclusion which 
upholds the experience of growers of the benefit accruing from early planting 
of sugar beet ^5). A high moisture content of the soil is highly conducive to the 
incidence of damping-off, and the greatest losses occur on heavy soils having 
poor natural drainage A soil deficient in organic matter is usually more heavily 
contaminated with the fungus than a rich soil of a loose and friable texture ). 

Pythium de haryanum is eminently a soil-borne organism and is of common 
occurrence in field and garden soils, in which it survives in the form of oospores. 
The survival of the fungus in the soil suggests a method for its eradication by 
steam sterilisation, but on a big scale the method is obviously impracticable and 
the risk of re-contamination too great. Although direct treatment of the seed 
with fungicides is of doubtful value in reducing the activity of soil-borne organisms, 
yet such treatment often produces better stands than any from untreated seed, 
as was the case when beet seed was treated with 5 per cent, ethyl-mercuric-phos- 
phate, (using 4 to 7 oz. of the phosphate to 100 lb. of seed), but this method is 
not advised in late plantings on soils of acid reaction. In general, a combination 
of seed treatment as above, with early sowing, helps to improve the stand in sugar 
beet ^5). In Virginia and Ohio a rotation with corn lessened damping-off, and 
improved sugar beet stands, whereas sweet clover or alfalfa aggravated the trouble ^ 
In Minnesota, again, seedlings suffered more after planting of lucerne or sweet 
clover, and less after maize Treatment of beet ‘ seed ’ with strong sulphuric 
acid, sufficient to decorticate them, was found to render the seed more readily 
germinable 

Phoma betae 

The relations of this fungus to sugar beet disease have been long 
established 's. i 6 , 25), The organism is a member of the Sphaer^psidales 

(Fungi Imperfecti), the only fructifications being pycnidia. On the host, the round 
black pycnidia are present mostly on spots on leaves and petioles, and on lesions 
on the crown of the beet ; they are not common on the fruits or ‘ seed clusters \ 

The pycnidia are sub-epidermal, globose or lenticular, ostiolate, the pycnospores 
being extruded in a tendril. The fungus is readily cultivated and has long vitality on a 
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wide range of media. Pycnidia vary considerably in dimensions, from 125 to 635 /i in 
diameter ; the small hyaline pycnospores measure from 3*8 to 9*4 by 2*6 to 4*3 

An ascigerous form Pleospora betae, discovered in Sweden on host debris left in the 
soil, has recently been claimed as being the perfect stage of this fungus. The hemi- 
spherical, black fruiting bodies, 230 to 340/4. in breadth, and 160 to 205 /x in height, 
arise on sub-epidermal stromata; they contain ascospores, 19*5 to 25 by 8*5 to 10 /x, 
which are transversely and vertically septated <3 a, 3'j)^ 

Phoma betae is usually carried by the seed, and the organism is said to be ever 
present on samples of commercial sugar-beet seed It is now well established 

that Phoma cannot maintain itself in the soil for long unless it can live saprophytic- 
ally on remains of beets in the field and under such conditions it is not 

improbable that it can start fresh infections when the same area is sown with 
sugar beet the following season The fungus is known to hibernate on the 
various coverings of the seed in the form of mycelium, but its presence actually 
within the seed coats has not been satisfactorily established, and whether infection 
from affected mother-beet into the seed-clusters takes place from without, or 
from within by systemic infection, is not definitely known. Though some have 
observed the pycnidia on seed-clusters, they are not common, and cannot in all 
cases account for the recognised high degree of infection usually harboured by 
seed of sugar beet. It is not improbable, however, that pycnospores from pycnidia 
on other parts of the host may be conveyed to seed-clusters, and finding there 
suitable conditions for germination, produce a resting mycelium. Under enclosed, 
moist conditions the latter may develop, and, in culture, two kinds of reproduc- 
tive bodies, one, of the nature of thin-walled oidia, and the other, of hyaline 
round thick-walled chlamydospores, have been obseiwed, both capable of pro- 
ducing mycelium in culture. Necrotic lesions on seed-beet stems have in some 
instances yielded such chlamydospores, from aerial mycelium 

With the planting of infected seed, Phoma may start its attack as soon as the 
seeds begin to germinate, and the young germling may be destroyed forthwith 
before it emerges from the ground. But most commonly the first symptoms 
occur about the third day after the seedlings are through the ground, and may 
continue till the time they develop their third pair of leaves Early infection 
with Phoma is associated with a browning and blackening of the hypocotyl, the 
discoloured part being evident above soil-level before the seedling falls over. 
Pythium destroys more rapidly than Phoma^ and while Pythium kills the cortex 
early and is soon deeply in the vascular tissues, Phoma though also highly de- 
structive to the cortex does not, as a rule, enter the vascular region of the seedling. 
The general impression remains that there is a higher percentage of survivals 
amongst seedlings attacked by Phoma than by Pythium, Seedlings infected by 
Phoma despite loss of primary roots, may send out new roots and succeed in 
making good growth up to maturity, and yet may still carry infection in the tissues 
of the crown. Such beets may be placed in store, to all appearances healthy, but 
when planted out again for seed production may be the means of starting infection 
in the seed all over again 

When such infected beets from store (‘ stecklings ') are planted out, the parasite 
revives and travels from the crown to the leaves, on which, as well as on the petioles, 
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spots ultimately bearing pycnidia arise. The appearance of the spots is almost 
invariably followed by infection on the seed-clusters, at about the time they are 
ripening But, as already indicated, whether the infection reaches the clusters 
from within the parent beet systemically, or from without, by the splashing of pycno- 
spores from pycnidia on leaf, petiole, or crown, is not clearly known, but the fact 
remains that the fungus which has found its way into the seed-clusters starts the 
cycle afresh when seed germination takes place Recent observations in Sweden 
have shown that necrotic lesions on the stems arise through contact with infected 
leaves in wet weather, while infection may also reach the stem direct from leaf 
through petiole ; infection from over-wintered asci setting free their spores in the 
following summer is provided throughout the growing season in that country 

Black-leg disease, traceable to this organism, is worse when the climatic con- 
ditions during germination are cold and wet In relation to soil reaction it 
is recorded in Switzerland that the fungus attacks the young plants only when the 
soil is alkaline ^^9). in Sweden, environmental factors seemed to exert little in- 
fluence, the disease, due wholly or in part to Phomay being equally severe both 
in acid and alkaline soils 

The seed-borne nature of Phoma disease indicates the importance of clean 
seed for planting. Hot-water treatment is not unattended with risk, for though 
the fungus can withstand as high a temperature as 60^ C., the seed suffers 
injury Various seed treatments with cupric and mercuric compounds are 

now recommended, disinfection being done preferably in small lots Good 

results are reported with cresolsodium mercuric cyanide, applied at a strength of 
3*125 per cent., i quart being used for i2| lb. of seed ; the treatment is carried 
out in a mixing machine, for 3 minutes, and the seed thereafter spread out on the 
floor to partially dry before sowing ^3?)^ As the period of susceptibility to this 
organism is relatively brief in the seedling stage, a great measure of control can 
be exercised by attending to good cultural conditions so as to encourage vigorous 
germination. In good soil, with proper attention to drainage to ensure good 
aeration, germination is greatly stimulated and the seedlings pass quickly through 
the period the hypocotyl is susceptible to attack 

Rhizoctonia solani 

The perfect stage of this fungus has not been found on the sugar beet. (The 
organism has already been described in connection with ‘ black scurf ’ of potato 
(p. 528).) Though a soil-bome fungus, symptoms of black leg attributed to 
Rhizoctonia solani are more like those caused by Phoma than by any species 
of Pythium. It differs, however, from both of these fungi in its capacity for 
attacking sugar beet over a much longer period of seedling growth, from the earliest 
stages of germination up to stages 4 to 5 weeks old Like Phoma^ its action 
within the host is somewhat delayed, and while it causes a high percentage of 
disease, in comparison with both Pythium and Phoma it is slower in producing 
its effects and there is usually a high percentage of partially affected plants which 
make good recovery ^^7). in America, where it is a very destructive crown rot of 
sugar beet, it is not uncommon to see entire fields of 50 to 100 acres practically 
ruined by this organism 
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Penetration of the hypocotyl is followed by the appearance of dark-brown or 
chocolate-coloured lesions Growth is checked, and the tap root is often 
destroyed at the tip, but new roots which are developed above the decayed region 
frequently assist the plants to recover. Indications of attack by Rhtzoctonia on 
older seedlings may sometimes be seen in an abnormal depth of green, or blue- 
green colour assumed by the foliage, and associated with this feature is a lemon- 
yellow discoloption of the stem In hot weather the fungus attacks the base 
of the leaves ; there is no definite spotting of the lamina as in Phoma attacks, 
but the prostrated leaves on the ground finally wilt and turn brown. When the 
fungus has entered the crown, this part also turns brown and develops deep cracks 
on the surface, lined with mycelium emanating from the tissues of the crown. 

Like P. de baryanum, Rhizoctonia is injurious to sugar beet at comparatively 
high temperatures, and partial or complete recovery may take place during periods 
of cool, dry weather Clay soils and those deficient in organic matter favour 

the growth of this fungus 

Methods recommended for the control of black-leg disease due to this fungus 
are similar to those adopted for Pythium. Rhizoctonia solaniy possessing very 
numerous strains, has a wide range of hosts and, in certain parts of the United 
States, clover, vetch, alfalfa, as well as potato are attacked (the strain attacking 
potato in Britain does not infect the sugar beet in this country), but it is not known 
whether the strains attacking these various hosts are also parasitic to sugar beet. 
It is obviously safer to avoid these hosts in rotations with beet ; when corn is 
grown in these parts of America in the rotation, infection with this fungus is 
lessened 


Pythium aphanidermatum 

In America, four fungi have been found to attack seedlings of sugar beet ; 
they include the three above described, the fourth being a “ fungus originally 
reported to be Aphmiomyces levis but which has since been found to be new, 
and to which the name P, aphanidermatum has been given ” 

In its association with this disease of sugar beet, this species produces symptoms 
very similar to those caused by P. de baryanum^ but it is a much more vigorous 
and destructive parasite than the latter, so much so that it is not usual for ^attacked 
seedlings even to break through the soil, and seedlings never recover from attack. 
It also causes disease in radish, cucumber, and melon 

In its method of asexual reproduction this organism differs strikingly from P. de 
baryanum and resembles more that of Aphanomyces (see below). The non-septate 
mycelium of branching hyphae, 2*8 to 7*3 /x wide, forms long tapering zoosporangia 
containing, not zoospores, but cells in which zoospores are formed. These cells, after 
liberation, function each as separate zoosporangia, discharging their contents into a 
vesicle in which numerous zoospores are finally developed. The released zoospores 
round up, increase in size, become walled, and germinate to produce mycelium. In the 
sexual phase, the oogonia are terminal on branches of the mycelium, spherical, 22 to 27 /x 
in diameter ; antheridia are paragynous. The oospores 17 to 19 /u. in diameter, produced 
singly in the oogonia, are spherical with a smooth or undulated wall, 1*5 to 2*5 /x thick. 
Germination of the oospores was obtained in water cultures containing young, sterilised 
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beet seedlings, and it is believed that they serve to tide the organism through periods of 
drought ^*3). 

Methods of controlling this parasite in its association with sugar-beet disease 
are of the same order as prescribed for P. de baryanum. 

Aphanomyces levis 

This fungus was first reported in 1906 in parasitic association with P. de 
baryanum and Phoma betae to cause considerable damping-off of sugar beet in 
Germany Like Pythium^ it is a soil-borne organism, and in its asexual re- 

production develops long narrow zoosporangia similar to those of P. aphanider- 
matum, and the zoospores are said to lose their cilia before liberation. Sexual 
reproduction occurs as in Pythium, smooth-walled oospores being produced. 
The life-history and structure of this fungus are similar to those of Aphanomyces 
eidteicheSy described in this book in connection with a root rot of peas (p. 609). 
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Heart Rot of Sugar Beet {non~parasitic) 

Heart rot of sugar and other beets is a non-parasitic disease attributed to a 
lack of boron in the soil. Although the actual cause was not known, the trouble 
has long been prevalent in England on mangolds, and was very evident in this 
country in 1938 and 1929 on sugar-beet crops grown on alkaline soils It is 
still fairly common in some parts of Britain In Belgium, where extensive 

crops of sugar beet are grown, the disease causes losses up to 30 per cent, of 
the crop, and is more troublesome on scanty-leaved varieties distantly planted 
than on varieties with a luxuriant foliage ^ 5 ’ In Holland, a symptom described 
as ‘ vein rot ’ believed to be due to boron deficiency may develop into the more 
serious heart rot unless checked by appropriate soil treatments The trouble 
is also well known in America 

Early symptoms of the malady always occur on the youngest leaves of the 
crown. These heart leaves, instead of growing compactly, spread outwards, and 
may show characteristic dark-brown scurfy patches chiefly on the inner, concave 
surfaces of the leaf stalks. This brown discoloration may extend to the midribs 
and spread into the lower lateral veins, while the stalks become brittle. The 
heart leaves wilt and turn yellow and the veins change in colour from white to 
yellow, and the leaves finally blacken and perish. If unfavourable conditions 
persist, the older outspread leaves may also decay. In Holland, local swellings 
on the midribs and lateral veins with longitudinal fissures in them have been 
observed, and sometimes the trouble here seemed to be confined to a few leaves 
only, the remaining leaves being normal In western Oregon plants grown 
for seed showed a dwarfing of the inflorescence axis, with much distortion of 
growth, due to the death of some of the lateral floral shoots, the surviving shoots 
developing into a witches’ broom type of growth In severe affections, blacken- 
ing of the axis and death of the stem apices and flower buds may occur The 
bulbs and roots may also show a diseased condition. The tissues of the crown 
become discoloured brown or even black, shrink, and die. The discoloration 
may spread from the crown into the root and, if the latter is cut across, a brown 
stain is found both in the vascular bundles and the medullary rays. Except in 
severe attacks, the browning of the tissues is not very pronounced and is usually 
confined to the outer layers of the root, but in bad cases may spread into the 
inner tissues as well The histological effects in young seedlings of garden 
beet in Wisconsin subjected to deficiency of boron were first seen in the phloem 
cells of the root and hypocotyl, this tissue being filled with a dense substance, 
and there was also some hypertrophy of the cambial cells. The suggestion is 
made that boron deficiency may so affect the metabolic processes as to interfere 
with cell division and development, and thus hinder the important process of 
laying down adequate food reserves in the roots Similarly, table beets have 
been seen to react to boron deficiency by producing gummy deposits both in the 
intercellular spaces of the petiolar parenchyma and within the vessels of the petioles 
and laminar veins 

Numerous tests have shown that sugar beets remove considerable quantities 
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of boron from the soil While the application of the mineral has proved of 
undoubted value in the healthy growth of sugar beet and other crops, it should 
not be applied indiscriminately and should only be given when it is known that 
the soil is in need of it. To this end an analysis of the soil, especially in relation 
to its lime content, is advisable. There is abundant evidence that the availability 
of boron is closely connected with an alkaline condition of the soil, and it appears 
to be highly necessary that the operation of liming should be carried out at some 
other time in the rotation than immediately prior to planting of sugar beets 
It is customary to apply the mineral in the form of borax, at the rate of 21 lb. 
per acre, or 10 to 20 kg. per hectare. The application may be made as a top 
dressing, though it may be found advisable to mix the compound with sand or 
dry soil, or the crop may be sprayed with a solution of 10 to 20 kg. per 1000 litres 
per hectare of the crop 
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Speckled Yellows of Beet {non-par asitic) 

This disease of sugar beets and mangolds is due to manganese deficiency. 
‘ Speckled yellows ’ is fairly widespread in England, and has comparatively 
recently been reported on garden beet near Bristol and on sea-kale beet in Somer- 
set In Holland it is responsible for considerable losses, in some years as much 
as 6 or 8 per cent, of the yield. 

The young leaves of beets suffering from this disorder become chlorotic in 
the interveinal spaces ; star-shaped yellow spots develop in these areas and are 
most visible in the outer leaves, where they may result in cavities in the leaf. 
The affected plants are markedly upright in habit and the edges of the leaves 
curl inwards, giving the leaf a triangular shape 

Speckled yellows is particularly troublesome on old alluvial soils, or heavily 
limed sandy soils, rich in organic matter. In some parts of England it is limited 
to a few districts on light sandy or gravelly soils or on light fen soils with a peaty 
subsoil The trouble can be controlled by soil applications of manganese 

sulphate at the rate of 50 or 60 kg. per hectare. In England, increases in total 
sugar of 5 cwt. per acre, with an application of 50 lb., and of 8*i cwt. with 150 lb. 
per acre, have been reported, the yield of tops being also increased. 
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Beet Mosaic 

This virus disease of sugar beet is found in all parts of Europe where the crop 
is grown, and is present also in several localities in the United States Spinach, 

seakale-, fodder-, spinach-, and red beets, as well as mangolds are all subject to 
this virus. The wild beet {Beta mariftma) of the seashore, and the white goose- 
foot {Chenopodium album) are also susceptible 6, 16) 

While in many areas the losses in yield and sugar content of the root crop is 
not usually very heavy, appreciable reductions may be experienced in the same 
areas, in the second-year crop grown for seed ; observations in North Colorado 
showed a difference of nearly 35 per cent, in the yield of seed, between plots 
planted with diseased and healthy roots 

The symptoms are highly variable during the growth of the plants. At least 
four types are distinguished : (a) a mottled appearance of the leaves, due to the 
presence of light-greenish or yellowish-green areas over the whole leaf ; (b) yellow- 
ish areas confined to the regions near the veins, the interveinal areas being normal 
green ; (c) the interveinal areas light-green or yellowish whilst the regions near 
the veins are of a normal dark-green colour ; (d) the leaves of a yellowish 
colour, with dark-green areas of irregular size distributed over the surface. In 
addition to these very variable symptoms there may be a certain amount of 
puckering or crinkling of the leaves, and a characteristic feature is a bending back 
of the older leaves near the tips, which is frequently followed by a curling of 
the margins before the leaves die off at the tips. In severe infections growth is 
retarded, the leaves may be distorted and rolled inwards, and the plants present 
a stunted and deformed appearance. 

Synonyms for the virus {Beta virus 2 Smith) of beet mosaic are : Beet yellow 
virus (Prill. & Delacr.) ; Beet mosaic virus (Lind) ; Sugar beet mosaic virus 
(Robbins 1921, Hoggan 1933); Sugar beet virus 2 (J. Johnson’s classification); 
and Spinach beet mosaic virus (Boning 1927). The virus may be transmitted 
by sap inoculation ; it is not soil- or seed-borne. The insect vectors responsible 
for its spread are Myzus persicae, Aphis rumicis^ and Macrosiphum gei. It does 
not persist for long in the vector, so that it becomes necessary to visit a fresh 
source of the virus. The * incubation period ’ is reported to be from 8 to 16 days, 
and the virus is harboured over the winter in weeds, and in beets stored for seed 
production 

The histopathological effects of the virus in the leaves may be seen in a less 
marked distinction between palisade and spongy mesophyll than is found in 
normal leaves, with a reduction in the size of the intercellular spaces. 

Sugar-beet mosaic may be kept under control if means are taken to eradicate 
the sources of infection where the insect vectors flourish. All infected beets or 
mangolds should be removed and weeds kept under control. A root crop grown 



CH. XII POTATOES AND ROOT CROPS 589 

near a seed crop usually suffers severely owing to aphis infestation of the latter. 
Loss of seed may be reduced by early planting. Liberal manuring and avoidance 
of phosphoric acid deficiency should ensure healthier crops \ 


Beet Yellows 

This virus disease of sugar beet, though the virus was not identified until 
1940, has probably been known in commercial crops in Britain over a long 
period It is common throughout Europe and exists also in the United 

States Losses in the Belgian crops due to this ‘ virus yellows ' were 

estimated in 1939 to be 46,422,700 fr., an increase of over 16 million fr. over the 
losses experienced three years previously ; and if the losses due to the same disease 
on fodder beets are included, a total of 60 million fr. is estimated as an average loss 
every year in this area There is a significant reduction in the average weight of 
the leaves and roots of affected plants, as well as in the sugar content of the roots 
Other plants susceptible to the virus of beet yellows are spiitach, mangold, spinach 
beet, seakale beet, Chenopodium album and C. purpureum 

The disease may appear in the field in patches of diverse size, in which practi- 
cally all the the plants may be infected, or affected plants may be found at random 
over the crop, or in groups of a few together. This irregular distribution of diseased 
plants in the open may probably be accounted for if these segregated groups of 
diseased beets are actually the first infections in the crop. Such initial infections 
have probably followed upon the visitation of the winged forms of the insect 
vectors which migrated from one or more sources of infection in the vicinity. 
With a comparatively few foci of infections thus established, infections thereafter 
may become more or less general throughout the crop. The chief source of infec- 
tion is the seed crop, in the second year of growth, and the large number of the 
winged migrants produced on it carry the virus to the root crops in the near 
vicinity. It is further known that the infecting principle of ‘ beet yellows ' is 
harboured through the winter in weeds, and in the roots of seed bearers and wild 
beets The spread of the virus in the root crops is probably by the walking 
forms of the aphides, though the winged forms found towards the end of the 
season may be responsible for conveying the virus again into the ‘ steckling ’ seed 
beets, and so infection is ensured from year to year The virus is not trans- 
mitted through the seed or by sap inoculation. It has been ascertained in 
Belgium that silos and feed-lots where beet remains may often be found in a 
sprouting condition, afford good feeding grounds for the ^^ector Aphis rumicis 
before migrating to the fields. The peach aphis Myzus persicae is also known to 
be a very efficient vector, and it docs not appear that an ‘ incubation period ’ 
is necessary, for half an hour on a healthy beet was found a sufficient sojourn 
for the production of infection, though the infectivity of the vector was increased 
greatly by the length of feeding time on the infected source and on the plant 
infected. In Holland, Macrosiphum sokmifolii is also said to be a vector of the 
virus of sugar beet yellows 

Syrtiptoms of the disease in the crop do not usually appear until about mid- 
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season. These become apparent on the older leaves, the young heart leaves being 
little affected. The symptoms are, however, highly variable, differences being 
apparent on leaves of different sizes, or in the severity of the symptoms, and 
varying according to the dates of infection. Early infections in June and July 
are usually characterised by severe stunting and necrosis, whilst August infections 
show these features to a lesser degree. As the plants grow to maturity towards 
September or soon after, there is barely any stunting or necrosis and the symptoms 
are merely localised. It is probable that the characteristic attacks of sugar-beet 
yellows occur in August and September, in well-grown crops. While later in- 
fections are not uncommon, they seem to have little effect upon the general growth 
of the plants, and a colourful feature presented by the foliage of these late-infected 
though still well-nourished and well-grown beets, simulating a ‘ false ripening 
is in marked contrast to the appearance of the unaffected beets which remain 
green until harvest 

The discolorations developing in affected leaves vary from pale-watery or 
greenish-yellow to a rich orange colour, or red in some varieties of sugar beet. 
These chlorotic areas of the leaves are also thickened and brittle, and crackle when 
broken. They also have a waxy or dry texture and the plants rustle as one walks 
through the crop. The discoloration in a leaf may start at any point, in early 
infection beginning at the tip, spreading along the interveinal areas, but sometimes 
covering the veins as well ; or, the mottling, starting at the margin, may be con- 
fined to a half of the leaf. Early leaf infections nearly always result in necrosis 
and frequently afford entrance to fungal organisms. Chlorosis all the way down 
the leaf is followed by necrosis, and in dull or cold weather the latter may so out- 
pace the former that the typical yellow areas are masked over, a condition not 
unlike the symptoms presented by sugar beet suffering from potash deficiency. 
With a spell of bad weather succeeding good growing conditions, or when plant 
growth is checked in some other way, spread of necrosis is so rapid that all the 
infected leaves die and the plants perish 

It appears that the leaves of sugar beet affected with ‘ yellows ’ are more 
prone to become rusted with Uromyces betae than the healthy leaves. Affected 
leaves contain a higher percentage of the sugars hexose, sucrose, and maltose, 
than the healthy leaves, and are also said to transpire less freely, by virtue 
presumably of the stomata being less widely open than in normal leaves ^*7)^ 
Though the diseased leaves manufacture their starch less rapidly than healthy 
leaves, they come to contain a higher percentage of it, owing to its accumulation, 
and not to an enhanced photosynthetic activity ^^3), Its retention in the leaves 
is a consequence of a disturbance in its translocation due apparently, at least in 
part, to a gummosis of the phloem ^7. i8)^ The symptoms of sugar beet yellows 
are said to be favoured by strong light and dry conditions . they are less 
severe in low light intensities, and do not usually become apparent in the field in 
dull weather, and do not develop in the glasshouse during the winter months, 
though these conditions in no wise interfere with the gro^vth of the plants 
Experiments in Holland showed that the symptoms were more pronounced at 
moderate (ly"" C.) than at comparatively high (30° C.) temperatures ; in a soil 
temperature of 25^^ C. the disease was less in evidence than at la*" C., due probably 
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to a stronger development of the foliage at the higher temperature. Differences 
in humidity relations do not appear to influence the course of the disease. Further- 
more, in a series of experiments in Belgium no correlation could be found between 
the physical properties of the soil and the incidence or severity of beet yellows ; 
an increase in the nitrogen supply appeared to mask the symptoms of the disease 
A system of manuring, with nitrogenous fertilisers, to balance the potash and 
phosphorus supplies, should be observed to increase vigour of growth. On a 
well-grown crop it appears that the aphides find greater difficulty in establishing 
themselves than on small immature plants Early sowing of non-bolting 

varieties of beet is preferable to late sowing, which with poor cultural conditions 
and proximity of the seed crops to the root crops, encourage aphis infestation. 
Every effort should be made to eradicate all sources where the insect vectors may 
multiply Groundkeeper beets and infected debris from mangold clamps 

are frequent sources of over-wintering infection and should be cleared away. As 
the infected seed crop is the most serious menace to the health of the root crop, 
stecklings for seed production should be obtained from an aphis-free area and 
planted as far as possible from root and seed crops. 
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Chapter XIII 

DISEASES OF PULSE CROPS 


Rust of Broad Bean, Uromyces fabae (Pcrs.) de Bary 

This autoecious rust occurs on peas, broad beans, and vetches. Whitish spots 
which soon turn brown appear first on the leaves and later on the stems. They 
bear the reproductive spores. The uredospores and teleutospores are developed 
somewhat late in the season ; spermagonia and aecidia are very infrequent but 
have been found on the leaves of the broad bean The rust has the effect of 
causing partial defoliation but usually the injury is slight. 

The uredosori are developed on both sides of the leaf as well as on the stem and 
petioles. They are arranged in small circles, and present a powdery, light-brown appear- 
ance (Fig. 284). The uredospores are round to ovate, spiny, with 3 or 4 germ-pores, and 
measure from 20 to 30 by 18 to 26 /x (Fig. 285 c). The teleutosori also occur on the 
leaves but mostly on the stem and are of a dark-brown, almost black colour. The teleuto- 
spores are sub-globose, ovate, or elliptical, with the apex rounded or flattened and the 





Fio. 284.— Rust of broad bean {Uromyces fabae). The son on the leaflets 
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wall greatly thickened at this point. They 
are smooth, brown, and measure from 25 
to 38 by 18 to 27 jjL. The stalk is per- 
sistent on the fallen spore and is pale- 
yellowish brown, thick, and up to 90 fju 
long (Fig. 285 d). 

The aecidia and spermagonia (Fig. 
285 A, B, f) develop on all green parts of 
the plant, chiefly on the under surface of 
the leaves. They appear in yellow spots, 
singly or in round or elongated clusters. 
The peridium is short, whitish, cup- 
shaped, and is furnished with an indented 
reflexed margin. The aecidospores are 
round to angular, or elliptical, yellow, 
with fine warts, and measure from 14 to 
22 ^ in diameter. 



Fig. 285. — Uromyces fahae. A, spermagonium 
( y 50) B, part of an aecidjum ( x 215). C, 
part of uredosorus (X215). D, teleutospores 
(X215). Ey germination of a teleutospore, 
and E, of spondia ( x 200) (A , F, after de 
Barry ; E, after Plowright) 


The optimum temperature for 
germination of the uredospores ranges 
between 16° and 22*5° C. and the 
highest production of these spores on the broad bean occurred at 14° to 24° C. 

In localities where the aecidia are not common or absent the uredospores are 
believed to survive the winter on the shaws, to bring about fresh infections in 
the next season. The dead shaws should, therefore, be collected and burned. 
Peas are also attacked by another species of Uromyces, which is a 

hetcroecious fungus, its aecidial stage being found on the spurge Euphorbia 
cyparissiaSy but this rust is rare in Britain. 


1. Grove, W. B. : 1913. RustSy 97. 

2. Hiratsuka, N. : 1934. Bot. Mag, Tokyoy xlviii, 309. 

3. Steven, W. F. : 1936. J. Bot. Ixxiv, 79. 


Chocolate Spot Disease of Broad Bean, Boirytis drier ea Fr. ; B. fahae Sard. 

Brown spots on the leaves of the broad bean are of common occurrence and 
may be caused by various organisms. The ‘ chocolate spot ’ disease is attributed 
to two species of BotrytiSy B. dnerea and B, fahae The latter appears 

to be the more virulent, but has only recently been reported in Britain though 
it is fairly widely distributed elsewhere. The disease appears to have been first 
discovered in England, in 1849, by Berkeley but he did not associate it with 
any particular organism. In 1920, 1926, and 1935 widespread epidemics of this 
disease occurred in Britain, that of 1920 being responsible for losses of from 40 to 
50 per cent, of the bean crop in southern England, and losses as high as 75 per 
cent, were experienced in particular areas The disease has also been recorded 
in Australia Spain Portugal Japan Cyprus Argentina and 
parts of lower Egypt a). 
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Chocolate spot is far more common on winter-sown than on spring-sown 
beans, and first signs of the disease may be seen as early as December but usually 
from March onwards, in the form of small brown spots of variable pattern, on one 
or both sides of the leaf, but chiefly on the upper side. The spots may either be 
superficial or may extend through the leaf from one epidermis to the other. Brown 
lesions occur, too, on the leaf petioles and on the stems, in the form of streaks of 
variable length having a reddish margin if caused by B. fabae, and brown spots on 
the pods may work their way through the wall of the pod to the testa and seed. The 
trouble is checked in dry weather, the lesions remaining as mere spots or streaks, 
but if there is prolonged rainfall during spring the disease takes on a more severe 
aggressive turn, and spots on the leaves may coalesce so as to present the appear- 
ance of a blight which may be followed by partial defoliation, and in severe infection 
whole plants, blossom included, turn black and die (Fig. 286). 

The disease has been variously attributed by different authors to bacteria 
virus frost injury, aphis infestation nutritional deficiency, and to various 
fungal organisms Whilst it is comparatively easy to isolate bacteria 

from the chocolate-coloured lesions, it has been definitely established that they 
follow in the wake of the two species of Botrytis which cause this disease, and 
while some authors ascribe the trouble to one or the other species, it is probable 
that there exist many forms of both species capable of producing chocolate- 
coloured spots on leaves of the broad bean. Leaf spots induced by aphis 
punctures are more of a reddish tinge than chocolate colour, and confined usually 
to the upper side of the leaf, and they are blotchy and more diffuse than 



the true chocolate spots due to Botrytis, 
Brown spots may also be caused on the 
leaves of broad bean by the fungi Cercospora 
fabae and Ascochyta fabae but these 
attack the plant in the spring and early 
summer, and they confine their attacks 
mostly to the lower leaves near the ground. 
Spots caused by Cercospora are large, dark 
brown, and zonate, and the conidia which 
develop on them form a velvety layer, while 
in the other case of attack by Ascochyta^ 
the black pycnidia which develop at the 
centre of the spots are sufficiently distinct- 
ive of that organism. 

There are good reasons for accepting Bo- 
trytis cinerea as the conidial stage of a ‘ perfect * 
stage in the genus Sclerotinia in the apothe- 
cial group, the Discomycetes, and the rela- 
tions between the two forms, viz. the Botrytis 


Fig. 286. — Chocolate spot of broad bean 
(Botrytis cinerea). Showing the * non- 
aggressive * and slight, * aggressive * 
forms of the disease (after Wilson, 
Ann. App. Biol.) 


stage, and the Sclerotinia, apothecial stage, have 
already been discussed in Chapter I (p. 37, 
see also Figs. 40, 58, 77 d). The apothecia 
are, however, rarely formed, but sclerotia are 
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plentiful and they produce the Botrytis-iorm on germination. The fungus is easily grown 
in artificial culture, and good growth may be obtained on steamed bean leaves, the fungus 
producing abundant spores On malt-agar, the Botrytis- form * isolated in Cyprus 
produced a sparse growth of aerial mycelium and conidiophores, but black sclerotia were 
plentiful ; the oval conidia are described as developing on minute sterigmata at the swollen 
apices of branched conidiophores, and forming clusters, either in a terminal or intercalary 
position ; the conidial dimensions of the Cyprus fungus are 13 to 20 by g to i8/x and those 
of the sclerotia in culture, 0*5 to 3*0 by 0*3 to 2*o by o-8 mm. In view of the similarity of 
the climate it is believed that the ‘ form * isolated in Cyprus is very similar or identical 
with a ‘ form * found in Spain named B. fabae, the dimensions for the conidia of the 
Spanish ‘ form ’being 15*2 to 24-3 by 10-9 to i8-o p., and for sclerotia i-oto 3*6 byo-gto 2*2 
by 0*4 to 2*0 mm. B. cinerea is probably the most ubiquitous of all fungi, possessing 
numerous strains ; some virulent, others, more or less weak parasites, and practically all 
strains are capable of thriving as saprophytes on plant debris such as decayed leaves and 
rotted fruit. The organism in mycelial form appears to be capable of hibernating within 
the fallen bean leaflets on the ground, but as the fungus is so common, other sources for 
the supply of conidia are probably extensive, but it is not known whether all strains of the 
organism can attack the bean plant. Conidia of Botryiis are said to be present on leaves 
of broad bean at all times, even of healthy plants in weather unsuited for infection, and 
are evidently capable of existence in the face of adverse conditions over long periods. 

In artificial infection, when conidia are deposited in drops of water on a leaf 
of broad bean, small spots of an iron-grey colour begin to appear in about 48 hours, 
and in wet weather entire leaflets may be destroyed in 3 or 4 days if the spots are 
close together. Older or moribund leaves respond to infection quicker than young 
leaves but, all the same, the strain or strains of Botrytis concerned are virulent 
parasites of the bean plant A distinction is made between two types of the 
disease, namely, a ‘ non-aggressive ’ mild form characterised by the death of 
localised areas of tissues, and an * aggressive ' form causing blackening and death 
of a part or the whole of the shoot system, the more severe form following upon 
heavier infection under conditions favourable to the growth of the fungus (Fig. 
286). Early infections of the mild form soon change colour from iron-grey to 
brown except for a small area at the centre of the spot which remains black. The 
conidia germinating on the leaf produce appressoria on the germ-tubes before 
penetration of the cuticle is effected, but unless infection is heavy the invading 
fungus usually enters no further than the epidermis below the point of penetration. 
In the severe, aggressive type of infection, however, following upon a heavy 
deposit of conidia on the leaves, the invading hyphae pass into the intercellular 
spaces of the mesophyll tissue and may extend from one surface of the leaf to 
the other, causing the cell walls to swell before a collapse of the cells takes place, 
and meanwhile the dead tissue has gradually turned brown, and the development 
of the characteristic chocolate colour in the spots is believed to be due to the con- 
version by the fungus of the colourless substance tyrosin present in the cells of 
the leaf into the brown melanin 

The incidence of chocplate-spot disease is greatly influenced by temperature, 
and while the minimum degree for infection lies around 1° C., and the maximum 
dose to 30° C., the optimum is about 20® C. Thus heavy infection may be 
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obtained in 8 to 12 hours at 20° C., while at 5° C. the same amount of infection is 
only obtained after 3 or 4 days. As in many other diseases, relative humidity of 
the atmosphere and temperature are closely interdependent, and while in a dry 
season the absence of the disease may be attributed to lack of moisture, the amount 
of disease even in a wet year is comparatively small if temperatures remain high. 
A spell of dry weather offers a decided check to infection ; thus in 1941, in the 
south of England where extensive damage was again witnessed on field beans, 
in some areas the crop recovered so well following sunny weather that one-half 
to two-thirds of the estimated yield was realised At the start infections 

with Botryiis demand a high degree of humidity in the form of a surface film of 
water, and for the sustained aggressive type of infection the atmosphere must 
remain practically at saturation point before the tissues are killed. A heavy 
water-logged acid soil is also conducive to the disease. In soils deficient in potash, 
attacks may be controlled by the application of kainit, or muriate of potash, the 
former at the rate of 6 cwt. per acre, the latter at 1 1 cwt. per acre. Spraying with 
Bordeaux mixture (10 : 10 : 100) gave good results on a small scale. Seed dressing 
is recommended, and infected debris, an important source of infection, should be 
burnt. Spring-sown beans are less susceptible than winter-sown beans to infection, 
but it appears that they are more liable to aphis infestation 
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2. Cowie, G. A. : 1936. Fertil. Feed. St. jf. xxi, 182. 
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4. Magee, C. J. : 1933. Agric. Gaz. N.S.W. xliv, 580. 

5. — 1933- Dept. Agric. Bull. 43. 
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Halo Blight of Dwarf and Runner Beans, Pseudomonas phaseolicola (Burkh.) 

Dowson 

Several bacterial blights of dwarf and runner beans {Phaseolus vulgaris) have 
long been known in the United States and attributed by various authors to a 
number of closely related but distinct organisms ^2, 28)^ 1924, however, 

some crops of bean plants showed, in addition to the usual dwarfing and wilting 
of a part or the whole of a plant affected with bacterial blight, certain features 
on the leaves which had hitherto not been detected. These new symptoms of 
disease consisted of one or more spots of variable size but surrounded by a peculiar 
light-coloured area forming a characteristic ‘ halo ’ There is abundant 

evidence that the organism isolated from the halo spots and named Pseudomonas 
phaseolicola is distinct from the other bacteria known to attack beans, and so the 
new disease became known as * halo blight ^ 23), 
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In 1928 this disease was again very destructive in America, causing great 
losses in Montana, Wyoming, and Colorado It is also present in Europe, 

especially in northern Holland and Germany where it is known in both 

countries as ‘ streak ’ or ' grease-spot ’ of beans ^5) j its occurrence is also 

reported from France, Spain, and Switzerland. In Britain, bacterial disease of 
dwarf bean was not known before 1930, when an outbreak reported on the varieties 
Canadian Wonder, Early Prolific, and Masterpiece turned out to be halo blight, 
and since that date the trouble has been somewhat on the increase on dwarf beans, 
but not to the same extent on runner beans ^*7), In Australia, during the season 
1930-31, halo blight caused grave concern to seed growers in Victoria and it 
has been reported also from other parts of Australia and from New Zealand \ 
The disease is characterised by a wilting of a part or sometimes of the whole 
plant, the leaves collapse, turn brown, and cling to the plant, or, if the leaflets 
have fallen, the leaf petioles usually remain erect, and in severe attacks the pods 
wither and fail to produce seeds The chief damage done by the disease in 
England, except in wet seasons, is in checking the plants and reducing the yield 
The symptoms are somewhat variable at one season or another, especially in the 
type of lesions on the leaves. Three kinds of leaf spotting are distinguished : 
two of these are believed to arise from outside or local, stomatal infections, and 
the third is due to systemic infection. The 
halo spot is a local infection showing up as a 
brownish area of dry texture, with a chlorotic 
border, the halo around the dead necrotic part ; 
the extent of the halo may vary from a half to 
one inch in width. The halo, however, is not 
a constant symptom, although it gives the disease 
its name, for it appears only during the early, 
cooler parts of the season ; when the tempera- 
ture rises, as during July and August, the halo 
is not evident and another type of lesion appears. 

These later-formed spots, also arising from local 
stomatal infections, are smaller and more 
numerous than the halo spots ; they are angular ’ 
in outline, and instead of each spot being fur- 
nished with its own halo, the whole lamina 
presents a more or less pallid appearance. 

Sometimes spots appear on the leaves which 
are neither angular nor haloed and may, instead, 
be of indefinite shape but furnished with a 
narrow yellowish border. These differences in pic. 287 .—Halo bhght of French bean 
the nature of the spots are believed to arise {Pseudomonas phaseoUcola). On the 

from different ways of infection, the yellow- F^nchb^(Pfmseol^vulgaris). A, 
, . - . . i . the compound leaf showing typical 

bordered type ansmg from systemic infection, haloed spots. B-D, leaflets showing 

and the halo and angular types as already stated, clear haloes. {A, B, photos by 

from stomatal infection, from without (*). The 0°^ itby 

Spot-form with yellow margin is, no doubt, the Foister 8c Noble) 

u 
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type described by European writers as suggestive of a mosaic pattern on the 
leaves 

While the more evident symptoms of the disease are those on the leaves (Fig. 
287), characteristic lesions may also be seen on the stems, pulvini, leaf petioles, 
pods, seeds, and on seedlings. On the stem the lesions take the form of elongated 
streaks furnished with a narrow reddish border Similar lesions may also 

appear on the stems of the seedlings, first as water-soaked areas which later turn 
dark green, and finally, as the spots dry out, developing a reddish margin like the 
lesions on the mature stem. These lesions on the stems of seedlings are usually 
of local, external origin (but may also be systemic, as described below) arising from 
stomatal infections. Since the stems of young seedlings are furnished with stomata, 
these early infections from without are believed to be brought about from the 
dissemination of the bacteria in the surface water of irrigation But when the 
infection of seedlings is systemic, the bacteria within the tissues of the stem, 
accompanied by copious slime formation, may break out to form long streaky 
lesions or deep fissures through which the bacteria exude in white milky masses 
to collect on the surface of the stem. On the pods the spots are more or less 
circular, but may often run together to form groups of irregular shape ; like 
those on the leaves they appear water-soaked at first, but turn a reddish brown 
as they dry out. The bacterial ooze w^hich exudes from the pod lesions often 
dries into a thin silvery crust in dry w^eather but is easily washed off, and no 
doubt, during rainy periods, the bacteria from the pods, or from any other infected 
parts of the plant, are splashed on to neighbouring plants to set up secondary 
infections. Pod lesions may also exist as more or less continuous streaks lying 
within one or both sutures or grooves of the pod. While sutural infections are, 
in general, of systemic origin, it is conceivable that secondary infection of the sutures 
may take place when moisture, trickling down the leaf petiole, carries with it 
bacteria from the lesions on the leaves, and thence along the sutures of the ppd 
where infection may again take place through the stomata present in the pericarp 
of the young pod. The most important infection is, of course, that of the seed. 
If the seeds get badly infected they remain small and wrinkled ; on white varieties 
of seed, infection may cause the seeds to turn completely yellow, but slight affections 
consist merely of maize-yellow to cream-coloured spots on the testa ; on coloured 
varieties of beans, however, it is not easy to detect slight seed infections, and when 
such seeds, unsuspected of carrying the disease, are collected as healthy, they are 
the principal means of spreading the disease. 

Infection of the seeds may be brought about in two ways. Firstly, from an 
external source, the bacteria may pass from the lesions already present on the 
surface of the pod, through the pericarp into the seeds in contact with it ; and 
secondly, as already stated, seed infection may be systemic. By either way of 
infection the bacteria collect mostly under the seed coat, forming raised blisters, 
around and sometimes also between the cotyledons, the tissues of which are finally 
entered by the bacteria. If there is an external lesion in the ventral suture of 
the pod, the bacteria may find their way into the seed by penetrating the seed 
stalk, or the organisms may actually pass into the seed through the micropyle. 
While some authors state that the organisms are not found within the 
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cotyledons before the seeds start to germinate, others have seen them in the 
resting seed to a depth of four to five cells in the tissues of the cotyledons 
Thus, the germs are carried in the seed, in the tissues of the testa, on and between 
the cotyledons, and in the tissues of the latter organs as well. 

There is no definite evidence that the organism causing halo blight of beans 
is capable of persisting for any length of time on plant remains or in the soil 
and it is fairly well established that the disease is carried by the seed 
While it is true that infected seeds produce infected plants, the disease may be 
contracted every year from the debris of a previous crop of diseased beans ploughed 
into the soil, but only when such material is unusually heavily infected and the 
ground is planted with beans again almost immediately 

With the planting of germ-laden seeds, systemic infection begins. Only 
seeds which are slightly infected will germinate, and the first signs of disease are 
usually manifest when the seedlings are about 9 to 12 inches high In the field, 
the first signs of trouble are seen by the presence of bare patches, and in these 
areas it is found that some seedlings were killed before emergence, and others, 
soon after putting forth their cotyledons. On the flat surfaces of the latter may 
frequently be seen lesions identical in shape and position, indicating that the lesions 
originated from the presence of bacteria between the apposed cotyledons whilst 
in the seed. When one or both cotyledons are only slightly affected, the bacteria 
may not travel through the tissues of the cotyledons quickly enough to enter the 
stem before the cotyledons are ordinarily thrown off by the absciss layer ; in these 
cases the seedlings have every chance of growing into healthy plants, if they escape 
secondary infections. But when cotyledonary infection travels as far as the 
junction of the cotyledons with the hypocotyl, invasion of the stem tissues of 
the seedling is inevitable 

Within the tissues of the cotyledons the organisms multiply enormously during 
germination, increasing their accommodation within these organs and, later on, 
in the plant, by dissolving the middle lamellae, so that large pockets of bacteria 
are produced ; numerous cells of the cotyledons also become filled with bacteria 
In the young shoot the bacteria travel for the most part upward, and do not appear 
to enter any of the tissues of the plant situated below the cotyledonary node. The 
stem of the young seedling is invaded either by way of the vascular strands or by 
means of the intercellular spaces between the parenchyma. It is evident that 
the bacteria are often present to a great extent in the vascular tissUes, but it is not 
clear how the organisms are enabled to enter lignified vessels, or how they migrate 
from one lignified tract into another. In close vicinity to the vascular bundles, 
however, the germs are seen to occupy large lysigenous cavities, and the probability 
is that, at first, they collect in the intercellular spaces of the parenchyma, and that 
the first elements of the xylem to be occupied are those of the protoxylem close to 
the germ-filled pockets. This occurs either by a solvent action exercised by the 
bacteria on the thin walls of the protoxylem cells, or these cells may become 
occupied by the bacteria when the thin walls become torn, as so often happens, 
when the protoxylem elements elc«agate rapidly in the early stages of growth. 
Once within the stem there is no doubt that the organisms are capable of causing 
great destruction of various tissues, for large groups of cells may be replaced 
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by bacterial pockets and slime which, through absorption of water, may bring 
about the displacement and rupture of the xylem tissues and so allow the bacteria 
to enter the lignified tracts. The first indication of the arrival of the bacteria 
in the leaves, from the stem, is revealed by the appearance in the younger leaves 
of a slight transparency over the smaller veins which later show a reddish dis- 
coloration, and microscopic examination of the leaf shows the bacteria to be present 
both in the lignified tracheids as well as between the cells of the parenchyma 
adjacent to them It is possible, therefore, that from the rapid multiplication 
of, and pressure set up by the bacterial masses within the stem, the organisms, 
sooner or later, may be extruded through the stomata, or, if infection is very severe, 
the pressure of the exudate within may be so great as to split the epidermis of the 
young stem on the surface of which the bacterial exudate collects in the form of 
milky, mucilaginous streaks. In the young bean seedling, even at an early stage 
of germination, the bacteria may be found within the xylem tracts and in lysigenous 
cavities in the neighbourhood of the bundles. Cell destruction and occupation 
of the water channels may be so extensive during germination that the transpira- 
tion stream is seriously interfered with, and the young seedling wilts or dies. 
Whether the wilting is due to actual plugging of the vascular elements with 
bacteria \ or to the infiltration in advance of a toxic substance secreted by them^^^\ 
is not known. 

In the same way as it has been mentioned above that the bacteria can break 
out to the surface of leaf or stem by passing through the intercellular spaces or 
disintegrated tissue, so also may they find exit from the interior of the pod to the 
surface by way of stomata in the wall of the pod. Here, too, the germs fill the 
substomatal cavities, occupying the tissues of the pericarp and intercellular spaces, 
and finally causing a disintegration of the pod tissues. All stages of pod infection 
may be met with ; even when only a slight amount of infection may be in evidence 
on the outside the lining of the pod may be covered with masses of bacteria 
embedded in slime, and surrounding in many cases every individual seed 
Seed gaps in the pod indicate early ovular infection and destruction of ovules. 

The planting of seed which has become infected by micropylar penetration 
alone appears to present similar features to the systemic type of infection and is 
believed to be as widespread as penetration by way of the testa. But micropylar 
infection initiates a different method of attack from the systemic way and really 
falls within the category of secondary or external infections. When the micropyle- 
infected seed begins to grow, it is clear that the young emergent hypocotyl, as it 
pushes its way out through the diseased region of the seed coat, has every oppor- 
tunity of picking up bacteria from the micropyle as well as from the germ-laden 
testa. The tissues of the newly emerging hypocotyl are, however, not easily 
entered by the bacteria, because the young epidermal cells of this region are close 
together, and not until this organ has begun to elongate and to develop stomata 
in its epidermis are the organisms enabled to enter it ; as the stomata open, the 
adherent bacteria enter the hypocotyl and so initiate infection in this region of the 
seedling. 411 

Secondary or local infections are usually stomatal, and it does not appear that 
wounds are necessary prior to an attack. Dew, splashing rain, contact of healthy 
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with infected individuals, and possibly insect agency, are responsible for the 
spread of infection from primary lesions in the field. In local infections, when 
the bacteria collect over the stomata, the organisms, having penetrated into the 
substomatal cavities and intercellular spaces of the leaf, seek out the small veinlets 
in various parts of the leaf, and here, too, as in the case of early systemic invasion 
of the hypocotyl, entry of the bacteria into the vascular system of the leaf is believed 
to take place first into the thin-walled trapheidal elements of the veinlets and 
thence into the xylem of the larger veins and midrib, finally travelling down 
the petiole and pulvinus into the stem of the plant. In secondary infections of 
the stem, thus begun from the leaf or from direct entrance of the germs from the 
exterior by way of the cauline stomata (as above described when the hypocotyl 
gets infected during germination), it appears that invasion of the stem tissues is 
largely confined to the cortical parenchyma ; only in cases of very severe infection, 
resulting in much displacement and rupture of tissues, are the bacteria enabled 
to find their way into lignified vessels of the secondary xylem 

The bacterium causing halo blight has been named Pseudomonas medicaginis var. 
phaseoUcola, but recently the name has been abbreviated to Ps. phaseolicola which has 
the advantage of being shorter and distinctive ; it is a fairly large, rod-shaped organism, 
occurring singly, in pairs, or in chains ; long filaments are frequently formed ; non- 
sporing ; motile by a single polar flagellum or i to 3 flagella ; dimensions, according 
to various authors, are 1-35 to 3-6 by 0*9 to 1*2 1-5 to 375 by 075 to 1*5 1*5 to 

3 0 by 0*5 to 1*25 fjL ; gram-negative ; not acid-fast ; facultative anaerobic. In culture, 
on nutrient agar, the slow-growing white to creamy colonies are concentrically ringed, 
with undulate edges, but the colonies may be rough or smooth and the organism seems to 
be unstable so far as this character is concerned ; on gelatine media the colonies are 
slow-growing, circular, raised and wrinkled. It produces an abundant green fluorescent 
pigment in Uschinsky’s solution The temperature relations for growth are, opt. 25° 
to 30° C. : max. 36° to 37° C. ; min, about 0° C. The thermal death point is between 
49° and 50° C. Bacterium puerariae (Hedges) is the same organism 

On plants inoculated at 24^ and 28^^ C. the first symptoms of disease appeared 
in about 6 to 10 days, but the effect of temperature on the incubation period was, 
on the whole, very slight. It is interesting to note that the characteristic halo 
surrounding the infected spots occurred only at the lower temperatures, 12"^, 
ib"", and 20° C., and at these comparatively low temperatures* the number of 
lesions per leaf was small in comparison with the greater number of spots without 
halo formed at higher temperatures While it appears that halo blight can 
occur over a wide range of temperatures, the actual number of lesions per unit 
area may be far greater at higher temperatures ; from these numerous lesions 
secondary infections are set up, and when the temperature drops an epidemic 
of the blight may follow. High humidities are stated by some to be a necessary 
preliminary to an outbreak of halo blight but others observed that low 

humidities had no appareijj; effect on the development of the characteristic halo 
symptom, and even at high temperatures, when the foliage wilted during periods 
of low humidities, the severity of infection was as great as with high humidities 
The general view would appear to be, however, that provided there is a 24-hour 
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period of relatively high humidity at the time of infection, it is immaterial 
Avhat the amount of moisture may be in later periods for the progress of the 
disease. 

In Britain the most popular varieties of dwarf bean are more or less 

susceptible to halo blight, and the trouble is fairly common on Canadian Wonder, 
Masterpiece, and Early Prolific ; Abundant, Unrivalled, Incomparable, Magpie, 
Superlative, Ne Plus Ultra, and Black Wonder are somewhat resistant. In later 
trials at Long Ashton, Peerless also proved to be resistant, and The Prince, a 
valuable variety on account of its earliness, is also resistant Since the bacteria 
are in intimate contact with the seed, it is pointed out that there is a very small 
margin of safety for the control of the disease by seed treatment with chemicals, 
and in Australia such methods have failed A selection of the susceptible 

Canadian Wonder, named Burnley Selection, and a variety called Pale Dun were 
very resistant in Victoria, and Feltham’s Prolific also maintained its resistance 
except under greenhouse inoculations. Several investigators advise the practice 
of roguing, if carried out soon after the appearance of the halo stage 
In Australia and New Zealand it seems that seed treatment with fungicides has 
not proved a success Other investigators in Europe, however, recommend 
steeping the seed for 15 to 30 minutes in water heated to 52^' or 55^ C. following 
a preliminary soaking for 12 hours in tap water Immersion of the seed 

in a 0*25 solution of uspulun, or in 0-05 to o-i per cent, germisan, for fairly long 
periods of 12 to 16 hours, has also given good results 
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Anthracnose of French Bean^ Colletotrichum lindemuthianum 
(Sacc. & Magn.) Bri. & Cav. 


This disease is known wherever French beans are cultivated. It was first 
discovered in Germany, in 1875, and appeared in England five years later 
It is not very common in Britain but may be severe in cool, wet summers, a) 

and is fairly widespread throughout Europe, America, Australia, New Zealand, 
Africa, and India 3 . 5. 6 , q, 10. n, 12, 19, 20, 10)^ Anthracnose occurs most 
commonly on the French bean (Phaseolus vulgaris) but has also been found on 
the scarlet runner (P. multi florus)y and to a lesser extent on other pulse crops 
such as Rangoon bean (P. lunatus), cowpea, val (Dolichos), etc., in India and 
on the broad bean {Vida faha) in China But whether the disease on these 

hosts (and on a wide range of exotic plants on which symptoms have been de- 
scribed suggesting close affinity with anthracnose of the French bean) is due to 
the same fungus or to different races of it, or to distinct but related species, is not 
vet clearly established 

The term * anthracnose ’ is descriptive of the appearance of the symptoms in 
the form of ‘ burnt black * lesions which may appear on all parts of the plant 
except the roots. This disease may attack the cotyledons and leaves of seedlings, 
the stem, the bracts of the inflorescence, stalks and 
sepals of the flowers, but produces its most striking 


effects on the pods (Fig. 288) ; the foliage leaves 
are not usually badly affected. The characteristic 
symptoms consist of black, rather sunken spots, 
surrounded by reddish or yellow, slightly raised 
margins. The spots begin as small, round, brown- 
ish or purplish specks which become darker in 
colour as they enlarge to about a \ inch in dia- 
meter. As the infected tissues become dry and 
collapse, a depression develops at the centre of the 
lesion which under moist conditions becomes pink 
and oily in appearance due to the liberation of a 
great quantity of spores. Spots may unite together, 
especially on the stem where they may form lesions 
several inches long, and owing to cracking and 
rotting of the tissues young stems may collapse to 
the ground. The spots are very conspicuous on 



the pods and are of somewhat similar appearance 


to those on the stems. When the pods are opened 
the lesions on them are often found to have pene- 
trated right through to the seed coat into the seed. 
On the foliage leaves the lesions are mostly on the 
veins and on the lower side of the leaf stalk on 
which they are similar to those on the stem ; some- 
times the petiole may be so badly affected that it 


Fig. 288. — Anthracnose of French 
bean {Colletotrichum lindemu- 
thianum). The lesions on the 
pods. Note the minute black 
spots, the acervuli, within the 
lesions (photo by Foister 
& Noble) 
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fails to support the leaf, and at times the lamina may show on the upper side a 
number of angular, elongated areas which may sometimes become torn, but a 
whole lamina is seldom killed 


Anthracnose of dwarf bean is caused by the fungus Colleiotrichum lindemuthianumy 
first described in 1878 under the name Gloeosporium lindemuthianum^ but because of the 
presence of bristles or setae in the fructifications, was transferred to the former genus in 
which it still remains, as a member of the Fungi Imperfecti . But the setae, never numerous, 
are often entirely absent, and the organism has been variously referred to the genus 
Colletotrichum or Gloeosporium^ according to the presence or absence of the bristles, 
respectively. The evidence with regard to the existence of a perfect ascigerous stage for 
this fungus in the genus Glomerella is incomplete and, so far, this species causing anthrac- 
nose of bean has not produced a perfect stage. Numerous physiologic races of the 
organism exist ^7. 29) and certain strains have produced sclerotia in culture 

The conidial fructifications or acervuli are developed on stromatic layers between cuticle 
and epidermis (Fig. 289). From the surface cells of a stroma, short, densely crowded 
conidiophores arise which abstrict the conidia singly, and the surface of the spot where 
the cuticle has been broken through soon becomes covered with pink masses of spores 
held together by mucilage. The conidiophores are cylindrical, hyaline, unbranched, non- 
septate, and measure from 45 to 55 /x in length. The conidia are hyaline singly, but pale 
pink in the mass, unicellular, and vary in shape from cylindrical to elongate-oval, some- 
times slightly curved, with rounded ends ; they measure from 
15 to 19 by 3*5 to 5*5 /A. Most commonly, as above stated, 
the circumference of the stroma may be provided with stiff 
bristles or setae, dark brown in colour, unbranched and septate, 
arising singly from the marginal cells of the stroma ; they 
may also be found here and there among the conidiophores ; 
the setae range from 30 to 90 /x in length, and may vary from a 
few to as many as 20 within an acervulus. The acervuli are 
formed first near the centre of a lesion, and may be followed by 
more as the spot becomes extended, so that in a single lesion as 
many as fifty or more acervuli may be present. 

The fungus may be cultivated on bean agar, or on sterilised 
bean pods, at temperatures from 20° to 25° C., but on other 
media it appears to lose its powers of sporing unless a very 
small fragment of fresh bean leaf or pod is added, after which 
growth or the germination of the spores is stimulated to a 
remarkable degree, though loss of virulence and pathogenicity 
appear to vary considerably with different strains of the 
fungus In culture, the mycelium is white at first but darkens 
in a few days ; sporulation generally is very sparse on agar 
media without the addition, as above stated, of a suitable 
growth substance. The fungus is capable of tolerating as low 
temperatures as -xf to -20° C. for several days but is 
sensitive to high temperatures ; the optimum and maximum 
for growth lie between 22^^ and zf C. and 30° and 31° C. re^ 
spectively, though values of 18° to 22^" C. and 33° to C. for 
these points respectively, and as high a temperature as 50° C. 
for the survival of the mycelium, are also recorded Th<^ 



Fig. 289 . — Colletotiichum 
lindemuthianum. 

Bt sections of acervuli 
showing setae and 
spores ( X 245). C, 
conidia ( x 480). D, 
germination of con- 
idia ; one has formed 
a septum, two others 
have formed appresa- 
oria (after Edgerton) 
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optimum temperature for sporulation is near 15° C. with the minimum and maximum 
at 4° and 38° C. respectively Germination of the spores takes place more rapidly 
at temperatures higher than the optimum for growth, but not normally above 27*5'' C., 
the critical temperature occurring between 32° and 35° C. ^*5). 

Cool moist weather during the summer aflFords the best conditions for the 
prevalence of anthracnose and high atmospheric humidity is essential, not 
only for the success of initial infections but also for the dissemination of the spores 
in the field ^*4. 26) dry seasons the seed harvest is relatively free from disease. 
The fungus is capable of wintering on bean shaws, and of fructifying on them in 
the spring, and survives in the seed in the form of a dormant mycelium, either in 
the testa or within the cells of the cotyledons Sporing acervuli may sometimes 
be found on the surface of lesions on the seed, and even between the apposed 
surfaces of the cotyledons Few spores are apparently able to survive the 

winter in the soil, and the evidence, as a whole, indicates that the parasite is usually 
carried over from one season to the next in a mycelial condition in the seed. 

Carefully conducted experiments have proved beyond all question that seeds 
taken from diseased pods into which the fungus has penetrated so as to infect 
the seeds, give rise to diseased seedlings. The fungus may be found in the seed 
coat, in the fleshy cotyledons, and even in the plumule. If infected seeds are 
kept dry the fungus makes no growth, but if the correct conditions are obtained 
at planting, the mycelium is stimulated to growth. There is, however, little 
invasion of the tissues of the growing shoot, and the fungus, confined largely 
to the surface tissues, soon breaks out and actually sporulates on the young stem 
and the cotyledons. Some of these early-formed spores may be washed into the 
soil only to be splashed up again in raindrops, and this appears to be the chief 
method of carrying infection to neighbouring plants, wind dispersal being of 
little account. Other spores may be picked up by any of the older leaves that 
may happen to touch them. Spread from field to field is slight and is usually 
due to carelessness of workers, and experience has taught the danger of working 
in the crop on wet days since the spores can be carried about on clothes and 
implements. All later-developed parts of the plant may be infected in turn from 
the primary seedling infections. 

The spores become attached to the cuticle by virtue of the mucilaginous 
coat, and penetration following the formation of an appressorium is direct through 
the ruticle. A finely branched mycelium eventually becomes established in the 
superficial cells of the organ aflFected (such as the outer cortex of the stem), the 
cells becoming occupied by the invading mycelium and suffering little harm, 
and with hardly any discoloration of the tissues evident from the outside. About 
4 or 5 days after infection, however, the invaded tissues collapse and die, and 
discoloration is soon apparent in the injured area. In the latter the fungus proceeds 
to aggregate towards the surface, concentrating chiefly at one or more places 
under the epidermis where the stromata finally become established to develop 
the acervular fructifications. 

Control over anthracnose of the bean is mainly directed towards the elimination 
of diseased seed. Attempts to do this by selecting seeds which show no sign of 
spotting has not been very successful, for it has been found that many seeds may 

U2 
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be infected without any external markings sufficient to enable them to be readily 
detected. On the other hand, diseased pods can always be easily recognised 
by the spots on the pericarp, and if all spotted pods are discarded and seed taken 
only from the clean, the resulting crop should be free from primary infections. 
Seed treatment with fungicides is not advocated, since the parasite is usually too 
deep-seated, and the good effects reported in some cases following seed disinfection 
seem to be nullified by the reduced germinability of the treated seed. Treatment 
may be given with 0*25 or 0*5 per cent, solutions, for 15 minutes, of either 
‘ uspulun ‘ ceresan or ‘ fusariol ’, or the dry applications may be made at 2 per 
cent, for uspulun or ceresan and 4 per cent, strength for fusariol Bordeaux 
spraying has proved effective on a small scale, but when applied in the field it 
has been found difficult to cover all parts of the plant, and the general effects 
were not sufficient to be profitable. Burning all infected plants or ploughing them 
deeply into the soil will help in preventing the fungus being carried to the next crop. 

While all grades of resistance to this disease have been found among different 
varieties of French beans, no variety has yet been produced which has proved to 
be immune from it. Breeding experiments conducted chiefly in Ger- 
many 27, 29) America ^7, 16, 17)^ in the latter, by crossing the sus- 

ceptible White Marrow bean with the resistant WelFs Kidney Red, etc., have 
yielded promising results, and further trials on the production of a white seed 
variety resulted in the choice of White Imperial on the score of its high resistance 
to anthracnose ; in addition to its vigorous growth, this variety, when crossed 
with Robust, a high yieider, gave even better quality seed than White Imperial, 
and proved highly resistant to certain strains of the parasite In New South 
Wales, a selection from a crop of Canadian Wonder, called Tweed Wonder, 
proved to be resistant to all strains of the fungus in that locality \ In Britain 
the varieties Princess, Hundred for One, Selected Canadian Wonder, Foremost, 
Magpie, Leicester Wonder, Abundance, Emperor William have been observed 
to be practically unaffected, while Lightning, Unrivalled, and Best of All were 
seen to be only slightly susceptible. In a given locality, a variety may preserve 
its resistance for some time if the local strains of the parasite are not able to attack 
it ; but other strains may be introduced, through seedsmen for instance, and the 
variety fails. On the whole, therefore, no method gives such good results as the 
use of clean seed 
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Foot Rot of French Bean, Fusarium solani (Mart.) 

Sacc. var. martii (Appel & Wr.) Wr. /. j Snyder 

‘ Foot rot ’ or ‘ dry root rot ’ affects all commercial varieties of the French 
bean. The disease was first reported in England in 1929 but was known in 
America, where it causes more serious losses, long before that date 

There is little evidence of the trouble in the field before the plants are about 
5 to 6 weeks old above the ground, and there is not much difference between 
affected and healthy individuals, except for a slight check to growth. The rot, 
starting at the tips of the main and lower lateral roots, causes a gradual drying of 
the tissues and killing them as the parts near the surface of the soil are reached. 
There is, however, little if any invasion of the stem, and by development of 
surface, adventitious roots, diseased plants often make good recovery. Frequently 
the symptoms may not be seen until the first pods have made their appearance, 
when the lowermost leaves of affected plants begin to turn yellow and wither at 
the edges, and the later-formed pods may become shrivelled before they fill out 
But a yellowing and dropping of the leaves is not a constant feature, and diseased 
plants usually come to maturity earlier than the healthy because of the drying 
effect the disease has on the tissues, due to a reduced rooting system. The worst 
effects are seen on the roots. The primary roots may be covered completely 
with a reddish discoloration, or this may take the form of streaks which may 
extend even above soil-level. Later, the discoloured roots turn brown and develop 
fissurep, sometimes extending as deep as the cortex. There is, however, consider- 
able replacement of injured roots, and above the latter new roots develop, but 
these, as they pass out through the cortex, also become infected, and other roots 
may then develop, still higher up, near the surface. The surface roots frequently 
form a dense mass of fibrous rootlets and may persist with varying degrees of 
success, but in bad attacks when infection extends to the * foot or base of the 
stem, even these roots may be destroyed 
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Foot rot is caused by a form of Fusafium solaniy as above indicated (see p. 621). The 
fungus produces three types of spores, namely macroconidia, microconidia (rare), and 
chlamydospores, mostly in pseudopionnotes of a yellow colour like buttery layers. In dry 
weather the conidia are rarely produced, even on the roots, but develop in profusion during 
wet periods. The macroconidia are curved, of uniform width, and may be from 3- to 
5-septate, mostly 3-septate, the latter measuring 44 5 by 5*1 /x (mean), and all are usually 
pedicillate. The chlamydospores are terminal or intercalary, arising singly or in short 
chains, and measure on an average 1 1*6 /x in diameter ; they are formed in the host tissues, 
mostly in the cortex of the finer rootlets, fewer in the larger laterals and tap root, but they 
have not been observed to germinate. In culture the aerial mycelium is scanty and 
white, but varies considerably in depth of colour in the culture medium, being sometimes 
green, or pale olive-buff, or a cinnamon green, according to the type of medium and 
especially the degree of aeration 

The organism probably survives in the soil in the form of spores or mycelium, 
and as it has been known to exist for ten years in the soil, even remaining active 
for many years in the absence of dwarf beans there is little doubt that it is 
capable of thriving under saprophytic conditions. It appears to be unaffected 
by the hydrogen-ion concentration of the soil The spores are produced 

readily on old (but not on growing) bean roots and shaws and may thus be returned 
to the soil if host debris is thrown to the manure heap. There is no evidence that 
the disease is carried by the seed, but infection takes place readily when seed is 
planted in contaminated soil 

The exact manner of root infection is not known, but apparently may either 
be direct or through wounds The fungus travels almost exclusively in the 
intercellular spaces of the cortex in which, after disintegration of the tissues, 
strands of mycelium resembling thin rhizomorphs may be seen, and these strands 
may also be seen on the exterior of the roots. The fungus rarely extends for any 
distance above soil-level, though at times may reach the lower parts of the stem. 
In the latter, the mycelium is often found inside the cells, such parts being stained 
distinctly red, and while the fungus is concentrated largely in the cortex, in the 
topmost roots hyphae may also occasionally penetrate into the vascular system in 
which case there is usually much deposit of gummy substance in the tissue 

Practically all varieties of French beans and scarlet runner beans are susceptible 
to foot rot, though variable degrees of resistance are shown by Flageolet Victoria 
(Magnum Bonum), Saxony, Incomparable, Flageolet St. Andrew, and Dwarf 
Sharpe’s Goliath Even among seedlings of the same variety, however, 

marked differences in susceptibility have been observed. Other species or strains^ 
of Fusarium may also attack French beans but the pathogen here described has 
proved to be the most virulent 7), 
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Root Rot of Pea, Aphanomyces euteiches Drechsler 

This type of root rot is undoubtedly the most serious of all diseases that 
affect the pea plant. It is not so common in Britain as in the United States 
where it is prevalent in every pea-growing district. It attacks the roots and 
the base of the stem at all stages of growth. Other hosts include the narrow- 
leaved vetch, alfalfa, sweet clover, sweet pea, broad bean, and other leguminous 
plants 

This disease occurs with great regularity on land where peas have been grown 
in repeated succession. In early stages of attack it is impossible to detect the pres- 
ence of this root rot in the field, for, apart from a slight check to the growth of 
the young plants, there is no other external symptom, such as spots on the foliage, 
and it is necessary to pull up trial plants to determine the presence of the trouble. 
An affected specimen shows a decay of some of the roots and a blackening of a 
part of the stem just above the roots ; but these features are not distinctive enough 
to separate this disease from one caused by a species of Fusarium (see p. 620) 
and actually one cannot decide with certainty until the diseased tissues are examined 
microscopically for evidence of the sexual organs and oospores characteristic of 
the fungus causing this disease ^^7), 

In this type of root rot the cortical tissues covering the roots become softened 
and the disease extends from the roots into the stem above ground, though only 
for a short distance, but by the time this part of the stem has become infected 
the leaves have turned a pale-yellow colour all over. Invasion of the basal part 
of the stem is usually followed by a sudden wilting, and with the death of the 
cortical tissues covering the roots and basal part of the stem, these affected regions 
become thoroughly blackened As the disease makes slow progress from 

root to stem, there is always a decided check to the growth of the shoot, and the 
foliage dies from below, upwards ; but as a general rule the majority of affected 
plants are enabled to carry on their growth, though much weakened, u%til 
they produce pods and seeds most of which, however, are small and of inferior 
quality. 

Pea plants affected by root rot, even in advanced disease, have a remarkable 
power* of recovery. This often happens when environmental conditions change 
in favour of the host, as would occur, for -instance, when wet situations are im- 
proved by adequate drainage, and despite the loss of a considerable amount of 
rooting system through disease, drier conditions allow the plants to develop new 
roots from the base of the stem. 

Aphanomyces euteiches y the organism causing this root rot, belongs to an interesting 
group of fungi, the Saprolegniales, few members of which are known to cause plant 
disease. The group consists largely of aquatic fungi some of which are parasitic on fishes, 
and others infest low algal forms, such as Spirogyra, Zygnema, desmids and diatoms. 
The fungus can be grown on various media, e.g. cornmeal or prune agar Mycelial 
growth is very slow and sparse ; it is feeble at low temperatures of 8° to 10® C. ; the 
optimum is about 25° C., the maximum about 34° C. The mycelium is hyaline and non- 
septate, about 4 to 10 /x in thickness ; it branches moderately, in characteristic fashion, by 
producing at right angles to the main hyphae short stubby branches which make but little 
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growth themselves. It is a feature of the fungus to pass through its vegetative phase very 
quickly before entering upon the reproductive stage, and the same rapidity of develop- 



ment also takes place within the host, for only a few days 
of incubation at ordinary temperatures are needed before 
resting oospores are produced. A different strain of this 
parasite isolated from diseased peas in Tasmania pro- 
duced coils of hyphae, “ like the hair-spring of a watch ”, 
and on agar media containing peptone the strain behaved 
peculiarly, for only after the omission of this substance 
from the culture were the sexual organs of the organism 
developed Oogonia and antheridia are developed 
in abundance in the tissues of diseased plants. They 
are formed, with the ultimate resting spores, the 
oospores, within the tissues of the decayed cortex of 
all underground parts of the plant, stem and roots. 
In culture, oogonia and antheridia develop from dis- 
tinctive hyphae ; the oogonia are formed in great 
number, each on a short stalk cell usually at the end of 
one of the stubby branches of the wider mycelium ; in 
the Tasmanian strain the oogonia were found enmeshed 
in the hair-spring mycelial coils. The oogonia are 
thin-walled, sub-globose, densely granular with vacuor 
lated contents ; after fertilisation the oogonial wall gets 
thicker ; there is only one oospore developed within 
an oogonium. The antheridia arise from a less stout 
hypha as a number of short, curving branches ; one 
to five antheridial branches may invest an oogonium, 


and all may put forth fertilising tubes, but details of 
fertilisation are not known (Fig. 290). The oospores 
are sub-spherical, 18 to 25 /x wide, thick- walled, and 
capable of germinating in a direct manner by producing 
one or more germ -tubes, or indirectly by producing 
a long, tapering, slender hypha which develops into a 
sporangium. Within the latter the cytoplasm which is 
passed into it from the oospore breaks up into several 
portions, which are released through a small orifice 
formed at the tip of the sporangium, each portion roimd- 
Fig. 290.— Aphanomyces euteiches, i^g itself off and becoming encysted to form a spore, 
causing root rot of peas. Ay but all the spores remain more or less loosely attached 

By the filamentous sporangia to the sporangial tip for some time. When they separate 
produced from germinating / r j- • \ i. 

oospores. A, 30 sec. before (^^^ut 15 are formed in a sporangium), each spore 

discharge. B, the zoospores releases through a minute opening in its wall, a motile 
collecting at the top of the zoospore. But the development of zoospores, a process 
sporangium. C, hyphal con- jg characteristic of other truly aquatic members 

zoospores. D, stages in the ^he baprolegniales, does not take place m this particu- 
encystment of zoospores, and lar species under natural conditions and their formation 



their liberation. E, an oogo- 
nium with a branched anthe- 
lidium; all X310 (after 
Drechsler, y. Agric, Res.) 


has only been observed in culture. It is rather remark- 
able that zoospores, abundantly produced in artificial 
culture (such as pea decoction) are not formed when 
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infected host tissue, well supplied with mycelium is placed in water ; on the contrary, a 
renewed development of oospores takes place within the rotted tissue. 

The great ease with which oospores are produced under natural conditions 
leaves little doubt that they are the chief means of survival of the organism in the 
soil. There are records of the persistence of the disease in the soil over intervals 
of from two to ten years It is not known, however, in what form the 

fungus attacks the host, whether from mycelium in the soil or from oospores. 
But greenhouse inoculations can be performed with success by introducing a 
culture of oospores into the soil, and though such an experiment may fail at first, 
a second planting of peas usually becomes well infected. There is no clear evidence 
that watering the soil with a suspension of zoospores results in infection, though 
in sand cultures this method has been reported to give infection 

From a study of seedling infection, the parasite, applied in the form of mycelium 
to the young roots, penetrates the hypocotyl by putting forth one or more hyphae 
which bore through the epidermis at regions between the epidermal cells, and 
though the basal part of the young stem at a point higher up than the hypocotyl 
may sometimes be penetrated, it is not usual for the fungus to invade the stem 
except by travelling up from within the roots. The non-septate mycelium develops 
almost exclusively in the cortex of the root and basal part of the stem, causing, 
as above stated, a soft decay of this tissue, resulting in shrinkage and blackening 
of the root and the part of the stem below ground. A diseased seedling pulled 
up at this stage of infection usually breaks off near soil-level, carrying with it 
much of the stringy core of the stele of both tap and lateral roots The 
vegetative phase of the fungus within the host, as in artificial culture, is very brief, 
and the reproductive organs, followed by the oospores, make their appearance 
as soon as the cortical tissues begin to show signs of collapse. 

Root rot of peas is greatly encouraged by a high water content of the soil. 
It is most prevalent at points near saturation, and is absent or greatly retarded 
within a range of 40 to 20 per cent, soil moisture. The greatest losses occur when 
the soil is warm and wet during infection, when the soil temperature is 14^^ C. 
or above, for several days, and if there is a spell of drought before the plants reach 
maturity, large areas of the crop may be completely ruined 

The fertility of soil given over to constant pea cultivation tends to become more 
and more exhausted every year. The main deficiency is attribyted to lack of 
humus and calcium As 'a plant of somewhat rapid growth, the pea demands 
from the soil nutrients in a readily available form, and numerous authors give 
good reports of the application of nitrate of soda, ammonium sulphate, and muriate 
of potash in retarding the effects of root rot K 

As root rot of peas is carried in the soil, not by seed, the disease is controlled 
mainly by crop rotation and as the fungus is reported to be of long duration 

in the soil, from two to ten years, intervals between pea crops must be judged 
according to severity of attack. In an average case of infection a 3-year rotation 
was foundto have delayed but not entirely prevented a recurrence of the disease ). 
Good drainage and good cultivation, to keep the soil in a fairly dry condition, 
are essential. Since peas grow well at comparatively low temperatures, early 
planting is recommended so that the plants can be well forward before the soil 
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gets warm enough to encourage the parasite to action. Some state, however, that 
early peas, in general, are more susceptible to root rot than late-maturing varieties ^37)^ 
but no variety is claimed to be truly resistant to this disease even the roots of 
resistant varieties being affected in the cortex though not in the epicotyl and 
vascular cylinder The more susceptible varieties are Alaska, Winner, Green 
Admiral, Perfection, Horsford, and Advancer, while Horal and Rice’s No. 330 are 
resistant. 


Leaf, Stem, and Pod Spot of the Pea, Ascochyta phi Libert 

This disease is carried over from year to year by the sowing of infected seeds ; 
it does not usually affect the rooting system nor the part of the stem below ground 
but has been known to do so in some areas It is essentially a leaf, stem, and 

pod spotting disease, and as the seeds can become infected through the wall of 
the pod, it is often accountable for heavy reduction in yield. 

Leaf and pod spot is common in all pea-growing areas but is not very prevalent 
in Britain, although at times, capable of causing considerable losses It has 
also been recorded from the United States, Ireland, eastern Canada, Denmark, 
Germany, Holland, India, Australia, and the southern Ukraine. 

On the average, healthy plants are about three inches taller than diseased 



Fig. 29 1. —Leaf, stem, and pod spot of pea (Ascochyta pisi). Pods showing the minute black 
pycnidia at the centre of the lesions (photo by Ogilvie, by permission of Long Ashton Res. 
Station) 
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specimens, and the leaves, stem, 
stipules, pods, and seeds may be 
affected with this disease. On leaves 
and pods diseased areas are round, up 
to 9 mm. in diameter, tan to brown, 
and definitely sunken into the leaf 
or pod (Fig. 291) ; each spot is fur- 
nished with a black and thickened edge 
surrounding a paler, tan centre ; 
on stems and leaf petioles the spots 
are more elongated and around the 
tan-coloured spots there is a dark 
brown margin, but lesions on the 
stems are not usually abundant ; Fig. 29a — Severe lesions on the stem of the pea, 
if present, they penetrate deeply and ‘’y Ascochyta p,st (photo by Fo.ster & 

in bad cases may girdle the stem, 

causing the shoot above the lesion to wither (Fig. 292). As the attack on 
the stem, when it occurs, begins near the ground, this condition may result 
in complete loss of the plant. When young seedlings about to emerge from the 
ground are attacked, the tips of the shoots often suffer severely and many young 
plants may thus be destroyed Symptoms of disease on the seeds are not much 
different from those caused by the other seed-affecting parasites described below. 
Affected seeds are not easily recognised in a dry condition, but when moistened 
they generally show one, or a few ill-defined dirty-yellow to greyish-brown, or 
black, wrinkled spots on that side which had been in contact with the lesion on 
the pod ; and sometimes the discoloration penetrates through the testa to the 
cotyledons. The embryo may also be involved and germination greatly reduced 
or even prevented While spots on the seeds are somewhat less conspicuous 
in this disease than in the others described below it is impossible to associate any 
type of seed spot with any particular organism from examination of the seed lesion 
alone. 

This disease is caused by Ascochyta pisi, a member of the Fungi Imperfecti. 
The two diseases described next are caused by two fungi very closely related to 
this one, namely Mycosphaerella pinodes (a perfect form having an Ascochyta 
pycnidial stage) and Ascochyta pinodella, and while all these three fungi have many 
features in common, the diseases caused by them are distinctive. Thus, as in- 
dicated, A. pisi does not usually attack the underground parts of the plant, and is a 
leaf, stem, and pod spotting fungus, whereas the other two cause a severe foot 
rot as well. Still another foot rot of peas, included in this series, is caused by a 
variant'form of Fusarium solaniy which like Aphanomyces euteiches above described, 
causes no ‘ spotting * of the above-ground parts of the host at all. From a con- 
sideration of these five fungi and the diseases caused by them, it is clear that we 
are dealing with a problem which is really a ‘ symptom complex *, presenting 
great difficulties in allocating to each organism its characteristic features of 
isease A. pisi has also been shown to be pathogenic to apples and tomato 
fruits in Germany 
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Ascochyta phi has only one kind of fructification, the pycnidium, and is classified in 
the Hyalodidymae of the Fungi Imperfecti. Pycnidia may be present on all lesions 
wherever they occur. They are tan brown, round and flattened, immersed in the 
necrotic tissues ; they are fairly numerous and arranged in a group at the centre of the 
spot, or concentrically in circular zones especially on the mature pods. Pycnidia range 
from 75 to 225 by 75 to 205 /x (average, 141 by 124/x) ; the hyaline pycnospores, 

pink or carrot-red in the mass, are exuded at the ostiole in a mucilaginous matrix which 
assists in their expulsion by swelling when wetted, and fixes them in a crust around 
the ostiole when the pycnidium is dry. Collected from moist pycnidia, the spores 
measure from lo-o to i8*o by 2*5 to 5-5 fx (average, 12-9 by 3*3 /x) or 14-1 by 4*1 /x 
according to different authors. The pycnospores are oblong, obtuse at the ends, 
I -septate (rarely 2 or 3 septa) ; each cell has a conspicuous oil globule 

A, phiy as well as the related species mentioned above, are easily cultured on oat, 
pea, yeast, or potato agar ; the morphological differences between them are seen to 
better advantage on oat agar, and least on potato agar A. phi has an optimum 
temperature for growth between 15° and 23° C., but the amount of mycelium formed is 
very scanty ; the most suitable reaction is about the neutral point, 6-8 to 7-0 pH ^^4), 
Sporulation occurs over a range of 18° to 23° C., and pycnidia are formed in great number, 
exuding red spore masses over the medium The fungus is able to utilise soluble 

starch, glucose, saccharose, but not cellulose ; ammonium salts are superior to nitrates 
as a source of nitrogen ; lack of magnesium is said to check growth almost completely, 
and development is poor without phosphorus and sulphur ; in the total absence of all 
forms of nitrogen pycnidial formation is inhibited 

A. phi is recorded to maintain vitality in culture for 4 years and on pea 
seeds for at least 6 years The pycnospores embedded in mucilage are not 
adapted for wide dispersal, and they appear to be largely disseminated from lesions 
on the host by splashing rain, or perhaps further afield by insects, but outside 
the plants in close proximity there is usually no great extension of the disease to 
distant plots, which probably accounts for the common occurrence of the disease 
in patches of the crop. 

The percentage of infection from planting of diseased seeds, under conditions 
favourable to the fungus, may range from 50 to 62 per cent, of plants produced <^0), 
Recent observations in the Bristol area showed that if the seeds do not carry 
more than 20 per cent, infection there is little loss in the stand h4a). Although 
this disease is not carried in the soil, successful infections may be obtained if 
old pods bearing lesions are scattered under healthy seeds ; 2 to 50 per cent, 
of pods harvested from particular plants thus infected were found to harbour 
infected seeds. 

If the plants survive to produce pods, the spots on the pods develop with 
great vigour in wet weather, and the fungus may often be found to have pene- 
trated into the cavity of the pod to attack the testa, and in severe infection the cotyle- 
dons as well Every stage of seed infection may be found, from tiny aborted 
seeds which infection had probably prevented from developing, to others which 
matured successfully and bearing mere brown blemishes on the surfaces of 
the testa. Seeds, apparently clean when the pods are freshly opened, may 
yet be infected, and the brown discoloration may develop if the seeds are 
exposed to damp air for some days ; in 4 or 5 days a white mycelial growth 
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develops on the brown spots, followed some 10 days later by the characteristic 
pycnidia 

Prior to germination of the seed, the fungus is confined for the most part to 
the seed coat, though in severe infections, as we have seen, it may also be found 
in the cotyledons. Plants growing from seed infected with this organism are 
rarely prevented from emerging from the ground, and the primary lesions occur 
usually on the leaves and stem at the base of the plant, and may sometimes be 
seen on the first leaves of the emergent plumule. Secondary infections take place 
by the splashing of spores in raindrops from these early lesions, and the greatest 
infection of leaves and pods occurs during wet weather. 

The spores, germinating on moist leaf or pod, put forth one or more germ- 
tubes each, and the young hyphae are frequently seen to anastomose before the 
cuticle is penetrated ; they do not appear to enter at the stomata. The mycelium 
travels below the cuticle for a while before it wedges apart the epidermal cells 
by dissolving the middle lamella The hyaline mycelium is found in and be- 
tween the cells of the invaded tissue, and the period of incubation before the 
appearance of spots on the leaves is usually about six to eight days. At this early 
stage, lesions are light green in colour and somewhat sunken into the epidermis ; 
two or three days later the spots change into a tan colour, and have a definite brown 
margin Artificial infections may also be successfully performed by smearing 
healthy seeds with a spore culture. Under natural conditions the disease appears 
to be carried over almost exclusively by infected seed, and the growing of healthy 
seed in soil contaminated by the organism produces no appreciable amount of 
infection except in cases of deliberate heavy infestation as pointed out above when 
heavily infected pods were placed in contact with the seed. 

Since this disease is seed borne, attempts have been made to control it by 
disinfecting the seed. Such a treatment, however, cannot be successful if infection 
has reached the cotyledons, nor can it be adopted by growers who make a practice 
of bacterial inoculation with nitrogen-fixing organisms for crop improvement. 
If seed disinfection is decided upon, it is recorded that applications of organic 
mercury dust are superior to any wet treatment since the latter has been found 
to reduce germination and stand Good results are reported by applying the 
dust at the rate of 2 oz. per bushel of seed, rotated in a drum for at least 5 hours, 
but such treatment of diseased seed does not give as high a percentage of stand as 
untreated healthy seed. Additional benefit is said to accrue from mercury seed 
treatment of varieties of peas which are wrinkled, over those which have a smooth 
testa ; what significance can be attached to this observation is not clear unless the 
rough surface retains more of the fungicide, but the probability is that wrinkled 
varieties have an inherent resistant property not possessed by smooth-skinned 
peas, to this disease. 

Early varieties of peas are reported to show a lower percentage of infection 
than late varieties, due probably to earlier harvesting, before conditions of higher 
temperatures favourable to the fungus set in. There is no claim to complete 
resistance to this disease for any variety of pea. In the United States the following 
are slightly susceptible to A, pisi and M. pinodes (below) : Admiral — ‘ 17*78 \ 
Advancer, Badger, Badger — ‘ 20*140 Special, Champion of England, Horsford, 
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and Perfection. But a marked difference in susceptibility of certain varieties 
is reported for different isolates of A. pisi, and strains of the organism from England 
and Canada were less injurious than other strains obtained from seed harvested 
in New York and Wisconsin In the southern Ukraine five strains of A. pisi 
reacted differently in their pathogenicity not only to the pea but to other members 
of the Leguminosae 


Leaf, Stem, and Pod Spot with Foot Rot of the Pea, Mycosphaerella pinodes 
(Berk. & Blox.) Vestergr., & Ascochyta pinodella L. K. Jones 

As an organism causing lesions on the leaves and pods of the pea, Myco- 
sphaerella pinodes bears considerable similarity to A. pisi, and indeed was, for a 
long time, thought to be its perfect stage but jg now accepted as a distinctive 
species Unlike A. pisi, this fungus is also capable of attacking the basal 

part of the stem underground severely, so as to cause a foot rot and is therefore 
more destructive than A. pisi (Fig. 293 a). 

A. pisi and M. pinodes commonly occur together on samples of seed in most 
pea-growing areas. The two organisms are reported to be common on peas in 
England ; but latterly only A. pisi has been found on commercial samples of 
seed used in Britain 

Spots on the foliage leaves (Fig. 293 b), stems, and pods (Fig. 293 c) caused 
by M. pinodes are brown to purplish ; they are not so definitely delimited from the 
green of the leaf as those caused by A. pisi, but like them, as they spread with 
increased wetness of the leaf, tend to become circular in shape. On the stems, 
early lesions are black to purple, and take the form of streaks which are more 
evident at the nodal regions than elsewhere, though they may later enlarge into 
brown to purplish irregular areas over the entire stem for a length of some 6 to 
to inches above the highest insertion of the roots. 

The part of the underground stem attacked by this fungus is just above the 
insertion of the cotyledons (epicotyl) and the affection may also extend a little 
below into the hypocotyl and pass imperceptibly into the tap root, but the roots 
are rarely invaded. In the neighbourhood of the epicotyl the whole circumference 
of the seedling becomes a continuous dark brown lesion which may extend as 
far as the base of the tap root, and in advanced disease this region may become 
completely girdled by a dense blackening of the tissues, and the shoot may 
thus become severed from the roots. The term ‘ foot rot ’ is, therefore, an 
apt title for this type of disease which destroys the basal part of the stem under- 
ground. 

The pycnidia of M. pinodes are difficult to differentiate from those of A. pisi \ they 
are, however, darker in colour, distinctly black when mature, and instead of being 
aggregated towards the centre of the lesion as in that fungus, they are relatively sparse and 
strewn over the whole lesion but occur more densely near the edge. Moreover, the spore 
exudate at the ostiole is of a light-buff to flesh colour, not red, and is not nearly so copious 
as from pycnidia of A. pisi. In practically every case of inoculation with the pycnospores 
of Af. pinodes the perfect ascigerous fructifications come up easily, and the fungus is 



Fig. 293. — Leaf* stem* pod spot, and foot rot of pea, all caused by Mycosphaerella pinodes. Ay 
five plants showing the foot-rot condition. B, the leaf-spot condition. C, the pod spot show- 
ing lesions on the pod wall and along the sutures (photos by Ogilvie, by permission of Long 
Ashton Res. Station) 
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therefore immediately distinctive from the related types described here, which do not 
possess perfect forms. The pycnidia are minute, sub-globose, from 75 to 175 by 60 to 
160 fjLy. averaging 134 by 128 /x ; pycnospores are hyaline, oblong with rounded ends, 
straight to curved, slightly constricted at the septum, and altogether approximate very 
closely to those of A, pisi ; they measure from 8-o to i8*o by 2-5 to 5*5 /x, averaging 13*6 
by 3*8 /X and are mostly i -septate, with numerous oil globules The perithecia 

of the ascigerous stage are found on leaves and stems in abundance after prolonged wet 
weather and begin to appear on the necrotic lesions in about 13 to 21 days from 
infection ^3) j they are also developed in culture Perithecia are round, brownish 
in colour, 100 to 300 /x in diameter, and sunken in the host tissue save for a short neck 
portion ; asci range from 60 to 80 by 12 to 16 /x, thickened at the apex and at maturity 
provided with a pore ; ascospores, 8, hyaline, ovate-elliptical, i -septate with constriction, 
range from 1 2 to 1 5 by 6 to 8 /x In culture on oatmeal agar, at a similar range of tempera- 

ture and hydrogen-ion concentration as for A. pisi, the amount of aerial mycelium made 
by M, pinodes is relatively more than shown by A. pisi ; at first it is white, but soon turns 
grey to dark grey with age. It sporulates much more rapidly than A, pisi, and at a slightly 
higher optimum temperature, between 20° and 25° C., but the pycnospores of the two 
fungi germinate alike by the production of i to 3 germ-tubes ; in cultures the 
dimensions of the ascospores are slightly greater than given above ; thus, on oatmeal agar, 
18 to 19*8 by 7*2 to 9*9 /x Chlamydospores and pycnidia appear on pea-straw agar 
Pycnidia and perithecia are capable of surviving the winter on old pea stems ^*5), 
While the pycnospores, as in the case of A, pisi, are disseminated largely by splash- 
ing of rain to plants in the immediate neighbourhood, the ascospores on the 
other hand, by being ejected into the air and borne by wind have a wider range 
of infection. In illustration of the comparative range of action of pycnospores 
and ascospores, an experiment is recorded where individual plots inoculated with 
A, pisi, M, pinodes, and A. pinodella (see below), situated 5 feet apart, when exam- 
ined a month after inoculation showed no spread of infection by any of the three 
organisms beyond their own plots, but as soon as the ascospores of M. pinodes 
were produced and active, infection from this fungus was general on all the plots ^^0) j 
the optimum temperature for growth lies between 20*^ and 28° 

Inoculations, as with A. pisi, may be performed by spraying the plants with 
a spore suspension, or the seeds may be smeared over with a culture and planted in 
sterilised soil. The latter method of inoculation when performed with M, pinodes 
is far more damaging to the seedlings than is the case with A, pisi, and while in 
that instance the great majority of seedlings manage to emerge from the soil, 
in this method of inoculation with M. pinodes all seedlings perish in the soil. 
Clearly, M, pinodes in its capacity as a severe foot-rot organism causes much more 
damage than the leaf and pod spotting A, pisi. 

For the control of this leaf, pod-spot, and foot-rot trouble, the same treatment 
is recommended as outlined for that caused by A, pisi, and there appears to be a 
marked reduction in the amount of foot rot by seed treatment with organic mercury 
compounds. In the recommendation of the varieties Rice’s No. ‘ 330 ’, Horal, 
and Blackeye Marrowfat, as being more resistant than others to foot rot, it is 
interesting to note that these varieties have a thicker cuticle over the vulnerable 
basal part of the stem than have susceptible kinds over the same region, but 
whether this property is inherent requires confirmation. 
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Ascochyta pinodella L. K. Jones 

This organism was once thought to be a varietal ‘ micro-form * of Myco- 
sphaerella pinodes but is now considered to be a distinct species Only 

pycnidia are known. Together with the two foregoing types, this fungus occurs 
over the same geographical range as already indicated for those types. In the 
United States it is more prevalent in the drier regions of the west, and often in a 
few of the eastern parts as well, but in these places occurs only on the one host, 
the pea ; in Alabama, in 1937, it was reported to occur on winter peas and 
vetches In other localities numerous different strains of A, pinodella attack, 
besides the pea, lupin, broad bean, lentil, vetch, and soya bean, but all strains of 
the organism are more pathogenic to the pea than to any other host, and least of 
all to soya bean 3^^. 

Like M. pinodes this organism attacks leaves, stem, and pods, and causes foot 
rot. In its virulence as a foot rot fungus it is about equal with M. pinodes^ though 
sometimes reported to cause greater damage in certain localities 

In contrast with attacks due to M. pinodes on the leaves, spots caused by A,pmo- 
della are not so numerous and tend to be more regularly circular and zonate ; 
on the pods the spots are more distinctive, being very small, brown to black, and 
scattered in characteristic fashion obliquely to the long axis of the pod. On the 
stem and basal parts underground the lesions vary in size considerably, are purplish 
to dark brown, and resemble closely those caused by M. pinodes. 

Pycnidia of A. pinodella are scattered at random over the lesions and are very in- 
distinct, being depressed into the tissue. They are globose, ostiolate, light to dark brown, 
and range from 79 to iSz/ut in diameter < ; the pycnospores are distinctive, being 
unicellular, rarely i -septate like those of M. pinodes or A. pisi, and they form practically 
no exudate at the ostiole ; they are oval to oblong, 5 to 12 by i'5 to 4 5 /x ; if i -septate 
spores occur, they are from 5 to 13 by 2 to 4*5 fx Pycnidia occur on root lesions 

and on the seed coat ; they occur, with chlamydospores on pea-straw agar 

In culture on oatmeal agar of alkaline reaction, or pH 7*0, over a temperature 
range of 18° to 23° C., a fair quantity of whitish grey, aerial mycelium is formed 
within four to seven days. Here again, as under natural conditions, the pycnidia 
form hardly any exudate of spores at the ostioles. Spore germination is rapid, 
at an optimum temperature between 20"" and 30° C., and the unicellular spores 
produce only single germ-tubes. 

This fungus invades the epicotyl of the seedling in a distinctive way ; instead 
of creating a general brown discoloration encircling the epicotyl as produced by 
M. pinodes, there is first formed a dark-brown triangular lesion, and from it in- 
fection spreads up and down through the cortical tissues, even down into the tap 
root, but again, as in M. pinodes it is not usual to get much root infection 
With advanced disease, however, the lesions at the epicotyl caused by these two 
fungi cannot be distinguished, for in both cases the epicotyl becomes completely 
girdled. Furthermore, when the vascular system is invaded it is not long before 
the roots become severed from the shoot. In general, A. pinodella appears to 
be more destructive to the tissues of the basal parts of the stem than M, pinodes, 
for while slight attacks by either fungus may extend no further than the endodermis 
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in the region infected, in bad cases, prior to girdling, the stem shrinks so much 
after an attack by A, pinodella that there is practically nothing left at the ‘ foot ’ 
except strands of sclerenchyma 

A, pinodella like M. pinodes is carried on the seed and good results are reported 
to follow the same treatment of seed dusting. No variety of pea is known to be 
immune from this disease, and with regard to relative resistance of certain varieties, 
the information available appears to apply to all three types. A, pist, M. pinodes, 
and A. pinodella. 


Foot Rot of Peas, Fusarium solani (Mart.) Sacc. var. martii (Appel & Wr.) 

Wr., /. 2, Snyder 

This type of foot rot, which may be called a ‘ fusariosis \ is common in all 
pea-growing areas in Britain, United States, Canada, France, Holland, Germany, 
and Denmark It appears to have been first described in Holland under 

the name ‘ St. John’s Disease ’ In Britain, this particular disease of peas 

is associated with a varietal form of the fungus Fusarium solani in conjunction 
with the eelworm Heterodera schachtti, and the separate effects of fungus and eel- 
worm on the host appear to be difficult to estimate. There is, however, no doubt 
about the pathogenicity of the fungus in producing foot rot (Fig. 294) by inocula- 
tion with a pure culture, but the characteristic symptoms which are associated with 
the death of the plants following natural infection are not exactly identical 

This disease breaks out in scattered areas over the crop, but there are no spots 
on the leaves or the stem, as in the three types described above. In this respect 
it resembles the root rot caused by Aphanomyces euteiches and, like it, is also 

accompanied by a general yellow 
discoloration of the leaves. Pre- 
sumably from disturbance set up 
by the presence of the fungus in 
the basal parts of the stem, the 
leaves turn yellow all over ; and 
while more than one fungal organ- 
ism may be responsible for this in- 
terference, the species of Fusarium 
above named is believed to be the 
one mainly associated with foot rot 
of peas in Britain and Holland. In 
both countries the disease has been 
found in high- and low-lying areas, 
in Holland chiefly on clay soils, but 
in Britain on many types of soil, 
light and heavy 32, 44)^ 

Here, too, as in the types above 
described, the parasite attacks its 
host near the point of attachment 



Fio. 294. — Fusarium foot root of pea (Fusarium solani 
var. martii f. 2) (photo by Ogilvie, by permission 
of Long Ashton Res. Station) 
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of the cotyledons to the axis. At the point of entry, as in the case oi A. pinodella the 
early lesion is triangular in shape, but that caused by this Fww/wmisadarker, reddish- 
brown colour, not brown, and later this region becomes blackened as far as the top- 
most roots. Moreover, the lesions are not sunken into the affected part until a much 
later stage of decay, and when eventually the vascular stele becomes involved in in- 
fection this disease is distinctive in that the stelar strands take on a bright orange-red 
colour which may extend as far as the first node ; furthermore, the dark lesions may 
often be seen at the base of the tap root as well as the bases of lateral roots 

With regard to the title of this organism, Snyder states, on the ground that spore 
measurements have not been shown to be sufficiently distinctive from a taxonomic 
standpoint, that the species of Fusarium variously designated F. martii vars. minus, 
viride,pisi, znd phaseoli are all of the same morphological type, namely Fusarium solani var. 
martii. According, therefore, to their distinctive physiological behaviour on their respective 
hosts, he proposed for each organism a suffix to this name, thus, for the one attacking the 
pea, the addition of 'forma 2 ’ ; for the fungus on the runner bean, ‘ forma J ’ (p. 607), so that 
the present fungus is styled Fusarium solani var. martii f. 2, which is synonymous with 
F. martii var. pisi, under which name it has appeared in most of the literature ^2, 36) 

It is remarkable that this species of Fusarium has not been observed to form any kind 
of spore or fructification on the host plant It is, however, easily grown in culture 
forming mycelium and spores ; the mycelium is short, white or greyish, sparse in quantity 
especially at sporulation ; old cultures are coloured green or blue from the mass effect of 
the diffuse sporing surface, and the general colour of the medium is vinaceous. The 
spores, in sporodochia, are typically curved, mostly 3 -septate, of nearly uniform diameter, 
and range from 27 to 40 by 4-5 to 5 /x ; small microconidia are also formed but not 
abundantly ; chlamydospores may be developed in the mycelium, as intercalary or 
terminal cells, or in chains, or within the spores ; sclerotia are rare but have been found 
to develop on rice media. Under natural conditions the organism survives in the form 
of mycelium in the soil ; it is not carried by seed. Its extension in the soil, however, 
is relatively slow, not more than 2 or 3 feet in a period of two years 

The degree of moisture in the soil does not appear to be a critical factor in 
relation to the progress of this disease. Though a wet soil is undoubtedly favour- 
able to the decay of the infected host, it does not help the fungus itself under 
all conditions. In Wisconsin, however, attacks by this organism and also by 
A. euteiches were mainly restricted to rainy seasons and wet soils, clays, and heavy 
silt loams, but in Britain, after a period of heavy rainfall (as in April and May 
1932) an attack by this Fusarium with the help of the eel worm reached epidemic 
proportions independently of water-logged conditions 

Soil temperature plays a more important part than the degree of moisture 
in the incidence of this disease. If soil humidity is constant, the first sign of disease 
after inoculation occurs in about 20 days when the temperature is 27° C. This 
consists of a general wilting and is followed by the characteristic symptoms of a 
rotting of the cortex, and a reddish-brown discoloration of the vascular strands 
in the foot region, which may extend for some distance above the soil into the stem. 
With continued incubation plants may wilt at lower temperatures, thus after 35 
days this took place at 24° C., but below this temperature affected plants, though 
practically girdled by cortical lesions, managed to survive, and in them the fungus 
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had not penetrated as far as the vascular stele, so that they were enabled to grow 
forward by virtue of new roots developed above the lesion. The optimum soil 
temperature for the development of the disease appears to lie between 24° and 
33° C., the latter being the upper limit at which the pea plant can normally thrive ; 
plants exposed to infection below this range contract only superficial or shallow 
cortical bruises from which they can usually recover, and at a comparatively low 
temperature of about 15° C. they suflFer no injury 

This type of foot rot, carried by soil, is best controlled by suitable crop rotations. 
Since the serious phase of vascular invasion of the plant does not^ usually take 
place after the early stages of germination have been passed through successfully, 
maintenance of vigour is important, and the drilling of fertilisers with the seed 
substantially reduces the losses from foot rot on heavy soil 

There do not appear to be any varieties of peas immune from this foot rot. 
The varieties Green Admiral, Yellow Admiral, Horal, and Rice’s No. 330 are 
resistant in Canada but not in Britain 

The main differences between these five diseases of the pea, and the causative organ- 
isms are : 


Aphanomyces 

euteiches 

As( ochyta pisi 

My cos phaerella 
pi nodes 

Ascochyta pinodella 

Fusarium solani 
var. m.f. 2 

Causes a root 
rot 

Leaf, stem, and 
pod spot. Not 
usually a root 
or foot rot 

Leaf, stem, and 
pod spot and a 
foot rot 

Same as M. pi- 
nodes 

Foot rot 

No external 
symptoms 
above ground 
except general 
yellow discol- 
oration and 
wilting 

Spots on leaves 
and pods tan 
to brown, 

round,sunken, 
with black, 
thickened 
edges sur- 
rounding paler 
tan centre. 
On stems and 
petioles long, 
tan lesions 

Spots on leaves, 
stems, and pods 
brown to pur- 
plish, not so 
definitely de- 
limited as of 
A , pisi. Stem 
spots mostly on 
nodes in black 

1 0 purplish 
streaks 

Spots on leaves, 
not distinctive 
from M, pino- 
deSy but spots 
on pods smaller 
brown black 
arranged ob- 
liquely. Stem 
lesions same as 
M. pinodes 

Same as A, 
euteiches 

Oogonia, an- 
theridia, and 
oospores 

Pycnidia only, 
in a group 
at centre of 
lesion i 

Pycnidia and 

perithecia. Pyc- 
nidia scattered 
but denser near 
edge of lesion 

Pycnidia only, 
scattered over 
lesion, very in- 
distinct, sunken 
into the lesion 

Only my- 
celium, in 
nature; 
spores only 
in culture 

Oospores 

Spore - tendrils 
red ; spores, 
io~i8 X 2*5- 
5-5 fM ; mostly 

I -septate 

Spore - tendrils 
light buff or 
flesh-coloured ; 
spores, 8~i8 x 
most- 
ly I -septate 

No tendrils, 
spores, 4-5-13 

X 1-5-4 /X, 
cellulur, rarely 
2-celled 

Spores 
curved, 3- 
sept ate, 
27-40 X 
4 *S** 5 /^ 
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Pea Mosaic 

This virus disease of the garden pea is common throughout Britain, Europe 
generally, and the United States, and has been reported also from New Zea- 
land It has a wide host range, which includes sweet pea {Lathyrus 

odoiratm)^ crimson clover {Trifolium incarnatum)^ red clover (T. pratense), white 
sweet clover (Melilotus alba), alsike clover (T. hybrida), broad bean (Vicia 



SELECTED DISEASES 


PT. II 


624 


faba), blue lupin, common vetch 
(V.sativa), and others In 

some years yield is appreciably re- 
duced, losses in Australia in 1935-6 
being 477 per cent. and seed- 
lings of the variety Greenfeast 
suflFered a loss of 17-4 per cent., 
due to mosaic, though later in- 
fections had little effect on the 
yield 

The first symptom of the disease 
on garden peas is a clearing of 
the veins, that is, the appearance 
of light-coloured areas along the 
veins of the young leaves. This 
network of mottling is later replaced 
by a more general mottling in 
which the light areas often occur 
between the veins. Affected plants 
are stunted and pale, with small, 
occasionally distorted leaves (F'ig. 
295). They flower later than healthy 
plants, their pods are fewer, smaller 
and scantily filled, and ripen later 
than usual. On several varieties the symptoms are variable. Thus a general 
chlorosis tends to develop on Alaska and Telephone while distinct mottling is 
observed on Alderman, World^s Record, and Market Surprise. On broad beans, 
first symptoms, consisting of a spotting of the leaves or of a clearing of the veins, 
give place later to a conspicuous mottling ^^5), Infection of red and crimson 
clovers is characteristic ; the former under field conditions showing paleness and 
stunting with dwarfed leaves exhibiting a definite mosaic pattern ; the latter by 
a brilliant mottling of the leaves with severe stunting Red clover is an 

important ‘ indicator ' host for the present virus, for other viruses of the pea 
are not transmissible to red clover (T. pratense). On the lupin the disease is 
known as * sore shin ' ; it is characterised by a slight stunting, with the top of the 
plant bending over and the appearance of a light brown streak extending the 
whole length of the stem within the curved side. 

Synonyms for the virus {Pisum virus 2 Doolittle & Jones) of pea mosaic are : 
Pea mosaic virus (Chamberlain 1936, 1937) ; Garden pea mosaic virus (Dickson 
1921) ; Common pea mosaic virus (Pierce 1935) ; Pea virus 3 (Pierce 1935, 
Murphy & Pierce 1937) ; Pea mosaic virus i (Zaumeyer & Wade) ; Pea virus 2 
(Osborn) 1937 ; Pisum virus 2 (K. M. Smith) ; Lupin sore shin virus (Neill 
€t ah 1934, fide Chamberlain 1935). Different strains of the virus exist 
Three, somewhat distinctive types, of pea mosaic are recorded in America 
which all differ from the one described here, in that the viruses are not trans- 
missible to red clover. The present disease is also different from ‘ enation pea 



Fig. 295. — Pea mosaic (photo b> Foister & Noble) 
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mosaic known in England and the United States caused by another virus. 
The virus of pea mosaic is sap-transmissible It is spread through the agency 
of the aphides Macrosiphum pisi, Myzus persicae^ and Aphis rumicis No 

‘ incubation ' period appears to be necessary for the infective principle, but the 
capacity for infection is early lost after feeding on healthy plants. Infection 
takes place within 1 5 minutes of insect visitation, even by single alate or apterous 
vectors, but infection is heavier the greater the number of the vectors j others 
have found little infection to take place by the flying type of aphids The 

virus is not seed borne 

Numerous varieties of peas are reported to be more or less resistant to pea 
mosaic in America Selection, and breeding experiments in New Zealand, 

showed the varieties Lord Chancellor and Little Marvel to be immune or highly 
resistant, with promise of still better results towards immunity 6) 

For the control of pea mosaic, the crop should be grown as far away as possible 
from other susceptible plants, notably red clover, in which the virus is known 
to over-winter, whence it may be spread to the pea crop by aphides in spring and 
summer 22)^ 
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Marsh Spot of Pea 

{non-par asitic) 

‘ Marsh spot a deficiency disease, derives its name from the fact that it was 
first observed chiefly in peas from crops grown on low-lying marshland near the 
sea It has, however, been found in many places remote from the sea and on 
soils known not to be reclaimed marshland. The trouble is fairly common in 
Europe, especially in Holland, and has probably existed in Britain as far back as 
1845 Symptoms similar to those of marsh spot have also been observed on 
broad beans in the field, and on runner beans <2, 14. 17), In some districts it 
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causes considerable financial loss, 
some areas being quite unable to 
raise the crop ; in other affected 
areas losses are reported to be 
negligible 

The disorder affects the seeds of 
the culinary pea, and though it has 
been encountered in processed canned 
peas, so far it is not serious in the 
canning industry. Marsh spot is not 
caused by any organism, and the 
trouble may develop in a crop grown 
from perfectly healthy, as well as 
from affected, seeds from the same 
stock Though the cause of the trouble has not been satisfactorily 

explained, the general trend of opinion is that it is due mainly to a deficiency 
of available manganese in the soil *5, is) 

Symptoms of marsh spot are not discernible until the peas are fully developed 
in their pods. Healthy and diseased seeds may lie together in the same pod, 
and pods containing healthy seeds or diseased seeds may grow on the same plant. 
Except in severe attacks affected seeds show no unusual symptoms from the outside 
and the testa has to be removed and the cotyledons separated before the typical 
symptoms are viewed. These consist of one or more discoloured spots on the 
inner surface of each cotyledon, usually at the centre, and hardly ever extending 
over the entire inner surface (Fig. 296). At first these spots have a water-soaked 
appearance and may be superficial or involve a fair depth of the cotyledonary 
tissues. Eventually one or more pockets filled with shrunken cells of a rusty red 
or greyish colour are formed below the spots Owing to the shrinkage of the 
dead cells, a cavity arises below a spot and the skin of the cotyledon may remain 
stretched taut over it like a drum Sometimes the tip of the plumule is also 
affected and similarly discoloured. 

When the lesions are confined to the cotyledons germination of the affected 
seeds is not prevented, but if the plumule is also involved in the necrosis normal 
germination is interfered with. The plumule may perhaps grow for a little while 
in a distorted manner but soon becomes exhausted if the growing point is necrosed. 
Affected seedlings may, with varying degrees of success, produce young branches 
in the axils of the cotyledons, replacing the plumule which remains as a withered 
stump. Plumular injury is not often met with unless the cotyledons are also 
affected Apparently, some varieties of peas, e.g. Harrison’s Glory, when 
heavily affected, produce injured plumules, and the lesions on the cotyledons 
are unusually deep.^s) 

Water-culture experiments have shown that seedlings grow normally for the 
first five weeks or so, but afterwards those receiving no manganese die. The 
foliage of seedlings deprived of manganese develop a severe mottling of the young 
leaves and brown lesions may be seen on the internodes and near the growing tip 
of the stem, all growth coming to an end two or three weeks before the flowers 



Fig. 296. — Marsh spot of pea (photo by Foister 
& Noble) 
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are produced on plants receiving normal treatment. The addition of manganese 
to the cultures, at the rate of 500 mg. per litre, produced vigorous growth, the 
plants flowering freely and yielding a heavy crop of seeds In the field it 

has been observed that seeds in the later-formed pods of individual plants were 
more severely affected than those formed earlier, this being probably due to the 
larger amount of manganese still present in the latter More affected seeds 
are usually found among the large peas of a sample than among the smaller ones^^' 
There is no proof that marsh spot can be transmitted by seed 

There is abundant evidence that the content of soluble manganese is low in 
soils which produce symptoms of marsh spot in peas. While small amounts 
may be sufficient to meet the early requirements of seedlings, they may not be 
adequate to enable them to reach fruition with abundant seed production 
Experiments have shown that peas exhibit normal growth and production on soils 
with more than 0 3 mg. per cent, of manganese It is, however, not an easy 
matter to determine in advance what soils are liable to cause marsh spot disease. 
Thus, on the Lincoln silt soils containing small quantities of readily soluble 
manganese the disease occurs where the amount is particularly low. On the 
Romney Marsh soils, which contain considerable amounts of manganese oxides, 
marsh spot has not been found at pH values below 7*0. In the field, soluble 
manganese may be produced from the oxides in various ways : by reducing 
processes, by the fermentation of crop remains, by the application of farmyard 
manure, and acidifying fertilisers such as sulphate of ammonia {vide ‘ grey 
speck * of oats, p. 420). It has further been established that the mineral is more 
available to the plant in acid than in alkaline soils, but even in the former the 
pathological symptoms develop in the absence of manganese, indicating that soil 
reaction is not the only factor concerned In general, observations agree that 
most soils which are slightly to moderately acid contain sufficient manganese for 
normal plant growth While there is little doubt that the availability of man- 
ganese in the soil is affected by liming, the presence of lime in the soil is not a 
primary factor which may favour marsh spot, and the trouble is apparently not 
aggravated by a deficiency of potash or phosphates in the soil 

The incidence of marsh spot has also been considered in relation to the presence 
of a ‘ water-table ’ in the soil In a deep, well-drained area the plants are 

probalbly provided with all the minerals they need for full development. In 
poorly drained soils, however, it has been found that the trouble Was prevalent 
in all the soil series in the field when the water-table was closest to the surface. 
Marsh spot was more severe on the heavy soils than on the light, one reason 
probably being the difference in the conducting power for drawing water possessed 
by soils of different texture. In this connection, however, important differences 
have been observed and it is apparently not safe to conclude that water-table 
and soil texture by themselves aggravate marsh spot although they may be 
contributory 

A micro-analysis of the content of seed affected with marsh spot has shown 
the presence of manganese in the peripheral tissue of the cotyledons, the embryo 
(plumule and radicle), and the seed coat. The distribution of manganese is 
not, however, equable throughout all parts of the seed. The percentage is higher 



628 


SELECTED DISEASES 


PT. 11 


in the tissues at the centre of the cotyledons than in the testa, and higher again 
in the plumule and radicle than in the outer layers of the cotyledons. Accord- 
ingly, the suggestion is made that the migration of food contents from the cen- 
tral necrotic tissues in the cotyledons may partly account for the difference in 
manganese content of healthy and diseased peas The cytoplasmic contents 
early disappear from the necrosed cells, and the starch grains may disappear 
entirely ^* 7 ) or be left in a dry condition in the dead tissues There is no develop- 
ment of a cork layer between the necrosed and unaffected tissues in the cotyledons, 
and in the browned plumules necrosed areas have been seen in some cases to 
extend as far as the apical bud, though microscopic tests revealed the presence 
of suberin in the diseased walls in this region ; but a brown deposit on the cell 
walls and in the intercellular spaces of the affected organs is thought by others 
to be merely a brown gummy deposit 

There is little doubt that varietal susceptibility to marsh spot exists among 
different kinds of peas. As already stated, there is some evidence in the field 
that the larger-seeded, heavy varieties are more severely affected than the lighter 
ones, but this has not been borne out in culture experiments ^ 3 , 4 )^ The trouble 
has been observed to be worse in the later main crop than in the early-maturing 
varieties, with small seeds Moreover, roundness of seed was also associated 

with earliness of maturity and resistance to it 

The varieties Union Jack, Earliest of All, Early White Seedling, First and 
Best, King of Serpette, Serpette, William the Conqueror, are usually free from 
marsh spot, while Peerless, Prestige, Sutton's V.C., Onward, and Giant Stride 
have proved susceptible in the areas where they were tested 

The application of potassic manures, without the addition of nitrogenous 
fertilisers, has been shown to reduce the amount of marsh spot, and a balanced 
manorial treatment, or high nitrifiable nitrogen tended to increase the trouble 
Others have failed to confirm the efficacy of potassium, under all conditions ; and 
there is apparently no correlation between previous croppings of an area and in- 
ducement to the development of marsh spot Several investigators have found 
beneficial results to follow the spraying of the crop with a weak (0*25 to i per cent.) 
solution of manganese sulphate, and of the application to the soil of heavier dress- 
ings, at the rate of i to 2 cwt. per acre ’’s, 16) Manganese-deficient sand cultures 
at Long Ashton showed that while peas showed the usual symptoms of marsh-spot, 
broad and runner beans were more resistant; and dwarf and runner beans, while 
not free from leaf symptoms, remained more resistant 
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Chapter XIV 

DISEASES OF VEGETABLES 


Leaf Spot of Celery, Septoria apii Chester & Septoria apii-graveolentis Dorogin 


This is the most serious disease of celery in the British Isles 25, 26, 28, 35)^ 

and occurs also in many other countries. In America it is termed ‘ late blight * 
to distinguish it from the ‘ early blight ’ due to Cercospora apii. Two forms are 
found, a ‘ large spot ’ and a ‘ small spot ' type, once regarded as due to varieties 
of the same fungus Septoria apti but now held to be caused by distinct though 
closely related species, S. apit and S. apii-graveolentis respectively. There 
is no evidence that these two types of disease ever change from one to the other ; 
in the field each is usually found alone, though combined attacks have often been 
seen in the Argentine and in cultural and pathogenic studies each of 





Fig. 297.— Leaf spot of celery {Septoria aptt and 
Septoria apii-graveolentis). Leaf showing the 
small spot type of the disease (caused by the 
latter organism). Insets, top, the entire fruit ; 
below, thie two one-seeded, half fruits showing 
the small black pycnidia (photos, Lft. 241, by 
permission of Minis. Agric.) 


the two parasites appears to preserve 
its identity indefinitely. Another 
closely related fungus, S, petroselini, 
occurs on parsley but the diseases on 
the two crops are not inter-trans- 
missible 

S. apii-graveolentis is found chiefly 
on the expanded green parts of the 
leaf but may fairly often be seen also 
in lesser amount on the blanched 
edible leaf stalks (Fig. 298), where 
S, apii rarely occurs Plants 

heavily spotted by the former may 
be only half their normal size and 
owing to reduction in assimilatory 
activity their leaf stalks are thin, 
dwarfed and unpalatable. The small 
spot type (Fig. 297) is much the 
more severe and it alone is respon- 
sible for the epidemic outbreaks that 
have been reported in England when 
the spotted form changes to a blight 
that may destroy the crop The 
mature spots vary from 0-5 to 2 mm. 
in diameter and are without sharply 
defined margins, though the edges 
may be raised ; adjacent spots often 
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Kig. 298 — Leaf spot of celery. Leaf stalk severely affected ; the minute black pycnidia are on the 
surface of the lesions. Inset, left, upper surface , right, under surface showing three spots on 
young leaflets (after Salmon & Ware, Wye Reports) 

fuse. Pycnidia are usually visible as numerous small black dots on and outside 
the spots (Fig. 299 a), sometimes appearing in great numbers on both surfaces 
of leaves and stalks showing no other obvious signs of infection 

5 . apii is less common and the large irregular spots, 3 to 10 mm. in diameter, 
that it produces almost entirely on the leaf blades are usually widely spaced, bear 
only a few scattered pycnidia or none, and are less frequently followed by extensive 
secondary infections than the small spot type. The mature spot is demarcated 
from the sound tissues by a reddish-brown rim, outside which pycnidia do not 
occur nor have they been seen on the stalks. Both types begin as small chlorotic 
flecks, those due to S. apii turning brown in the centre earlier than those of S, apii- 
graveolentis, the incubation period in which is some two days longer than that 
of S, apii The latter causes relatively little injury either in America or in 
Britain, where it has never been reported in epidemic form or to result in serious 
depreciation of the crop 

The mycelium of both species in the leaf is composed of brown, sparingly septate, 
intercellular hyphae, from i to 5 /x across, which extend beyond the spot in S, apii- 
graveokntis but do not reach to its margin in S, apii ; the latter therefore kills the cells in 
advance of its growth. The pycnidia occur on both leaf surfaces. Those of S, apii are 
sparse, globose, 58 to 95 /x in diameter, and restricted to the centre of the spots ; they 
contain straight or slightly curved pycnospores, measuring about ii to 43 by i to 2-5 /it, 
with up to 4 septa. Those of S. apii-graveolentis are crowded, sub-globose, from 60 to 
150 /LX in diameter, and not restricted to the spots ; their spores are slightly flexuous, 
blunt, measure 17 to 61 by 1-5 to 3 /x (Fig. 299 b, d), and may have as many as 7 septa 
(though in both species 3 is the commonest number and in both the septa are visible with 
difficulty) Pycnidia also occur deeply embedded in the wall of the two-seeded 
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fruit, which, when ripe, splits into two halves, each firmly retaining its seed, so that the 
celery ‘ seed * of commerce consists really of one-seeded half fruits (Fig. 297, insets). 

On spore germination the number of septa may increase or the spore may break 
up into segments, each able to give a germ-tube. Secondary non-septate spores 
may be borne on the pycnospores. In culture, growth is best at comparatively 



Fig. 299. — Septona apii-graveolentis. A, surface view of portion of leaf affected with the small 
spot type of celery spot, showing the small sub-epidermal pycnidia and ostioles. B, portion 
of leaf section showing a pycnidium ; note the extremely short conidiophores cutting off the 
long, needle-shaped conidia. C, stomatal penetration at infection. D, the conidia showing 
septa. (B, from a sKde by Macfarlane) 
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low temperatures, ceasing about 27® C, in S, apii and 25° C. in S, apii-graveolentis. 
Infection occurs through the stomata (Fig. 299 c) or more commonly directly 
through the epidermis. The earlier (primary) attacks on the cotyledons and 
young leaves cpme from spores extruded from pycnidia embedded in the pericarp 
of the ‘ seed ’. The best conditions for germination of the latter and those for 
extrusion of spores, and for their germination and the infection of the young 
leaves, are quite similar, so that when the cotyledons emerge from infected seed 
they become contaminated by contact with the long spore tendrils given out in 
moist weather from the pycnidia ; this is especially likely to happen under the 
conditions of frame cultivation. Spores also reach the soil at this period, or later 
from the shed pericarp shells, and may be disseminated to the young seedlings 
by splashing. Primary spots are found on the seedlings from 9 to 12 days after 
germination, but it does not appear that mature pycnidia ordinarily develop while 
the plant is in the seedling stage, that is, before transplanting, so that secondary 
spread to the aerial parts is not seen in the seed bed. After transplanting, secondary 
infection of the aerial parts occurs from the pycnidia on the primary lesions, 
dissemination of the spores being both by rain-splashing and by contact. In- 
fection in the seed bed can, however, occur below the soil, for it has been established 
that the roots can be attacked from germinating spores or mycelium in the soil 
and that infection can pass from root to root Over- wintering in the soil has 

not been found to occur, but conidia may continue to develop on decayed celery 
tissues from the previous crop and spores from dead leaves may retain vitality 
for nearly a year In the deeply immersed pycnidia in the seed coat, viability 

has been preserved under good storage conditions for several years, but as a rule 
seed more than two years old can be regarded as fairly safe ^2) 

The disease causes most injury when conditions favour the germination and 
growth of the fungus but retard growth of the host, as for instance during dry 
spells with cool dewy nights ^4, 35) As already mentioned (see Chapter V, 
p. 175), in a general way anything that favours the growth of the host increases 
susceptibility to infection as judged by the number and size of the spots 
moisture and the application of nitrogenous or ‘ complete ’ fertilisers <37) may 
greatly increase the spotting, but they may also increase the growth of the host 
by so much that the net injury to the crop is lessened. In both the late and early 
blights of celery there is a lower percentage of total nitrogen in diseased than in 
healthy tissues 

Control of celery leaf spot is based primarily on the exclusion of infection 
from the seed. Scarcely any sample of untreated commercial celery seed is free 
from Septoria which may sometimes be found on over 80 per cent, of the seeds. 
In New York State it was estimated that one pycnidium from a seed sample 
released 3,675 spores Seed completely free from Septoria was produced in 
England in 1928 by intensive spraying of the plants kept as seed bearers, with 
4 : 6 : 40 Bordeaux mixture applied twice in each of the months May, June, and 
July, and once each in August and September, the last four applications being made 
when the plants were flowering and setting seed This was in a year when 
leaf spot was severe, and usually four applications (before transplanting, at 6 
inches, at 15 inches, and at maturity) will yield clean seed, i per cent. Bordeaux 
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mixture has also been successfully employed in Germany In the seed bed 
and in the field 5 : 5 : 50 Bordeaux mixture gave the best results in Ohio, over 
four years Though growers in Britain are reluctant to use copper-containing 
fungicides on the plants intended for consumption, both because of the trouble 
and because they are eaten raw, this objection does not extend to the plants grown 
for seed ; elsewhere it is sometimes the practice to spray the growing crop with 
Bordeaux, or Burgundy mixture or to dust it with 20 : 80 copper-lime dust 
weekly applications of which are given in Alberta 

Seed disinfection by ordinary methods gives uncertain results owing to the 
deeply immersed position of the pycnidia in the pericarp. Copper sulphate, 
organic mercurials and the like have, however, been recommended s. 17, 19, 31), 
Better results have been obtained by immersing the seed for 3 hours in very dilute 
formaldehyde (i in 300 to 400, or in 2 per cent, for 30 minutes which, if any- 
thing, stimulated germination, combined with disinfection of the soil in the frames 
with 2 per cent, formaldehyde Still better results are claimed for treatment 
of the seed with hot water ; 10 minutes at 48'' C. has proved effective in Ger- 
many 30 minutes at 118° F. in the United States and 10 minutes at 136° F. 
in New Zealand Immersion in hot water should be followed by a dip of 
2 minutes in cold water. The last-mentioned high-temperature bath is reported 
to reduce the germination of new seed by 10 per cent, and of two-year-old seed 
by 50 per cent., so that a preliminary test on a small sample is recommended. 

Crop rotation is advisable if there is risk of a carry-over in the debris from the 
last crop ^ 30 )^ There is some evidence that the spores of both early and late blights 
of celery may be carried on workers’ clothing ^22). Watering from above is danger- 
ous on account of splashing, once pycnidia appear. No commercial variety of 
celery is reported to have any pronounced degree of resistance to the disease 
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White Blister of Cabbage, Cystopus candidus (Pers. ex Chev.) Lev. 

This disease is common on cruciferous plants, which include turnip, cabbage 
cauliflower, radish, mustard, cress, rape, and many weeds It is of little 

economic importance but is often reported to cause a good deal of damage to 
cabbage and its varieties. The causal parasite Cystopus candidus (Peronosporales) 
is found to be frequently associated in its attacks, with a near relative Peronospora 
parasitica (described below) which causes the downy mildew disease, and numerous 
instances are known of considerable injury from combined attacks by these two 
fungi. 

All parts of the plant except the roots may show the characteristic white 
chalky pustules of this disease (Fig. 300). 

They are of variable size and shape on the 
leaves, stem, and inflorescence. Marked 
swelling and distortion of the attacked parts 
frequently result, especially in the inflor- 
escence which may become enormously 
jjhickened, up to twelve or fifteen times the 
normal thickness ; floral organs become 
swollen, fleshy, and develop a greenish or 
a violet colour, and persist instead of being 
thrown off in the normal manner ; petals 
may become like sepals and the stamens 
leaf-like or occasionally like the carpels. 

The latter remain imperfectly closed while 
the ovules are usually atrophied, as are 
also the pollen grains, and thus sterility is 
caused. The pustules of the parasite are 
usually developed on the swollen parts ; the 
reproductive organs, oogonia andantheridia, 
and finally the oospores are generally found 
inside the swellings. 

The effects of the parasite on the host 
tissues are profound ^3). in hypertrophied 
leaves the differentiation between palisade 



Fig. 300. — White blister of cabbage, broc- 
coli, etc. {Cystopus candidus). Portion 
of cabbage leaf showing the floury pus- 
tules of sporangia (photo by Ogilvie, 
by permission of Long Ashton Res. 
Station). Inset, top, on leaf of broccoli 
(photo by Foister & Noble) (see also 
Figs. 52, 75) 
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and spongy tissue is lost, all the cells of the mesophyll being twice or three times 
the ordinary size. In thickened stems the increase is due to a modification of the 
cortex into a tissue of large thin-walled cells with few intercellular spaces, sometimes 
by the development of new layers through cell division. In some hosts (cress) the 
cells of the endodermis and pith also multiply by division. The sclerenchyma 
between and over the bundles is altered to a thin-walled parenchyma like that of the 
cortex. The cambium of the bundles retains its activity longer than the normal and 
the new elements are somewhat longer, and bands of parenchyma also occur in the 
xylem. The epidermis increases both as regards size and number of its cells 
and the number of stomata is augmented. In the thin-walled parenchyma, 
especially in the outer layers, chlorophyll and starch are copious, and in addition 
there is often a reddish-violet pigment in the cell sap in the neighbourhood of the 
conidial beds and in places where oogonia are developed. Starch may also be 
found in the cambium, endodermis, pith, and other parts in which it is usually 
absent ; in the branches of the inflorescence the same general changes are found. 
The general tendency throughout is to a lessening of the differentiation of tissues 
particularly such as are secondary. Further, there is a similar tendency to reduce 
the differentiation of organs. Internally the general result is the development of a 
nutrient tissue of a more or less constant type. This tissue is rich in starch and 
up to a certain point the accumulation of food supplies is more than sufficient 
to counterbalance their consumption by the parasite. Later on, however, usually 
when spore production starts, the parasite consumes more than the host can manu- 
facture. The result is the depletion of the nutrient cells and their consequent 
collapse and death. This is marked by the drying-up and turning brown of the 
infected parts and sometimes by complete disintegration of the soft tissues. 

The hyphae are unseptate and the mycelium is intercellular (Fig. 52). Numerous 
very small, spherical haustoria are sent into the nutrient cells, often a large number into 
each cell. Branches from the internal mycelium collect below the epidermis into which 
numerous haustoria are sent. From these hyphae the sporangial beds arise. The spofl| 
angiophores or conidiophores arise close together under the epidermis, which is raised up 
into a blister ; they are very thick- walled and measure about 35 to 40 by 15 to ly fi long. 
The overlying epidermal cells swell and rupture along the softened middle lamellae, 
exposing the sporangial bed. The sporangia or conidia are formed in basipetal chains ; 
the first-formed spore is not capable of germination, its function being probably to aid in 
the alteration of the epidermis and the final break-though. The chains of sporangia 
break up into their individual elements by the solution of the jointed neck (disjunctor) 
of callose between the sporangia. The latter are round, hyaline, multinucleate, with 
uniform thin walls, and measure from 12 to 18 /x in diameter. A sporangium may give 
rise to 4 to 8 biciliate zoospores. After coming to rest the latter develop a cell wall and 
form a germ-tube which is capable of infecting the host through the stomata. Distinct 
physiologic races of the fungus exist on various hosts 

The oogonia and antheridia are formed in abundance in some hosts and in some 
localities ; in others they are rarely found *®>. They occur chiefly in the hypertrophied 
p^rts of stems and inflorescences (Fig. 52). The oogonia are spherical, about 50 to 60 /i 
in diameter, and may be found accompanied by a single clavate and much smaller anther- 
idium. The oospore is provided with a thickened wall which turns brown, and is provided- 
with low, blunt ridges. The mature oospores measure from 40 to 55 ft in diametet. They 
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survive in the soil and germinate after a period of rest of several months. Each spore 
may produce, within an extruded vesicle, up to 100 or more zoospores exactly like those 
formed in the sporangia. Primary infections are no doubt due to infection by zoospores 
from germinating oospores left in the soil or in plant debris from a previous crop. 

Germination of the asexual sporangia occurs over a range of temperature 
from 1° to 18° C. They do not immediately on their attachment to a new host 
develop zoospores unless they are partially dried, and experiments have shown 
that the sporangia must suffer a loss of water content of about 30 per cent, of their 
maximum content before they can germinate. Under natural conditions, as on 
the leaf, this loss of water is directly related to the drying of the host tissues, 
and is, therefore, dependent on intake of water and rate of transpiration. This 
occurs irrespective of the age of the sporangia ^7). Cotyledons and young leaves 
are easily infected at the stomata, and in the substomatal cavities the germ-tubes 
form vesicles and with the appearance of intercellular mycelium haustoria soon 
become established in the tissues 

Treatment is on the same lines as indicated below for downy mildew 
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Downy Mildew of Cabbage, Peronospora parasitica (Fr.) Tul. 

Downy mildew attacks many plants of the cruciferous family, including most 
of the cultivated species. It is frequently found on cabbage, cauliflower, Brussels 
sprouts, on young seedlings as well as on moribund leaves of grown plants, and on 
the plants in storage The causal fungus, 

Peronospora par’^iicay produces on the host 
much the same effect as that caused by Cystopus 
Candidas but not to the same extent. Owing to 
the frequent coexistence of the two fungi, it is 
not easy to separate their effects, but Peronospora 
produces a greater deformity in the stem ; 

Cystopusy in the flowers. There is never any 
trace of the violet discoloration produced so 
often by Cystopus 

The fungus is visible as a thin, greyish- 
white, downy growth occurring in scattered 

patches on the under surface of the leaves in F*«- 3oi— Downy mMew of ^b- 
^ - bage, etc. {Peronospora parasitica) 

cabbage (Fig. 301), cauliflower, and turnip, (photo by Thung) 

X2 
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and in the radish may often be seen on the leaves, stem, and inflorescence. 
The upper surface of the leaf is marked by white spots corresponding to the 
downy growth on the lower surface. In bad attacks the spots may be so 
crowded that the leaf (Jnes up, shrivels, and tears easily. In seedlings the whole 
under surface may be covered, and according to favourable moisture and tempera- 
ture relations and light intensity at germination, the oospores of the fungus may 
be found in abundance in the cotyledons while these spores may only be sparsely 
developed in the affected leaves Occasionally the roots are attacked ; the tissues 
blacken and rot near the surface, oospores are formed within the tissues, and 
conidiophores may be developed if the affected roots are exposed to the air. 

The internal changes differ from those caused by Cystopus in many respects. 
Thus the palisade cells of the leaf are not changed and in the stem the cortex 
is less hypertrophied, the pith more. But, in general, the effect on the cells seems 
to be more destructive than in attacks by Cystopus. The mycelium is again ex- 
clusively between the cells ; the haustoria are large, elongated, club-shaped, 

twisted, and often branched, and may often be so 
crowded as to give the appearance of an intra- 
cellular mycelium (Fig. 83). 

The numerous erect, branched conidiophores 
emerge through the stomata on the under surface of 
the leaf and those of the stem and inflorescence. 
The conidiophores arise directly from the mycelium 
and are often twisted on themselves at the base, 
several usually coming through each opening (Fig. 
302) ; they are from 200 to 300 /x long, and bear 
conidia only at the branched tips, in strong contrast 
to the spore beds of Cystopus formed under the epi- 
dermis ; towards the top they bifurcate six or eight 
times, the final branches being slender, pointed, ana 
terminating in a single conidium. The conidia are 
broadly oval, quite colourless 24 to 27 by 15 to 20 /x 
in diameter. They germinate direct by a lateral germ- 
tube, not by forming zoospores as in Cystopus, and 
infection occurs both by direct penetration of the 
epidermis and through the stomata. 

Oospores are borne in the interior of the host 
tissues at a later period than the conidia, or sometimes 
(especially in hypertrophied parts) alone. They re- 
semble those of Cystopus but are furnished eventually 
with a thicker wall which becomes swollen into crest- 



Fig. 302. — Peronospora parasitica. 

A, conidiophore and conidia 
from shepherd*s purse ( x 285). 

B, germination of conidium. C, 
oospores (A, from Butler*s 
Futtgi and Disease in Plants ; B, 
after Duggar ; C, after Berlese) 
(See also 83) 


like folds, and is pale yellow. The oospores are 
globose, yellowish-brown, 30 to 40 fjL in diameter ; 
germination again is by a germ-tube* 

Infection, as for Cystopus, occurs most easily in 
parts composed of young tissues. When infected, 
all or most of the leaves may bear conidiophores, 
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while some parts, especially the stem, may show no external change though the 
mycelium is found to be present in their tissues, having entered them while still 
in a young condition 

P. parasitica appears to be specialised on some of its hosts, e.g. Brassicae and 
wallflowers ^5)^ and it has been observed to be common on one host and absent 
from another in the vicinity. Single-spore cultures revealed slight differences 
of a physiological nature between numerous strains, some of which also showed 
differences in sexual compatibility \ 

The fungus probably survives from season to season in the form of oospores 
released into the soil, and in plant debris ; in the turnip the fungus is stated to 
over- winter as a resting mycelium within the roots Little appears to be known 
about the effect of fertilisers in relation to the incidence of downy mildew except 
that cauliflowers suffering from potash deficiency are more liable to the disease 
Experiments have shown that the time of year at which infection takes place is 
more important than any effect of fertilisers on the plants. Light appears to have 
an important influence on the green parts of plants in relation to susceptibility. 
The fungus was found to be capable of attacking chlorotic cotyledons and chlorotic 
parts of cabbages as well as green seedlings in spring and autumn, but during the 
winter, green seedlings were attacked with difficulty or not at all, even at the same 
temperature. It appears, therefore, that a special equilibrium of food substances 
and the condition of the chlorophyll in the host cells are factors which influence 
successful attacks by the parasite 

The treatment consists of the removal of all cruciferous weeds capable of 
harbouring parasite. At the end of the season all crop refuse should be destroyed 
to get rid of the oospores, and rotation with non-cruciferous crops should be 
practised 

1. Bruyn, H. L. G. : 1935. Phytopath, xxv, 8. 

2. — 1935* Inst, voor Phytopath. Meded. 72, Wagen. 

3. Butler, E. J. * 1918. Fungi and Disease in Plants y Calcutta. 

4. Gardner, M. W. : 1920. Phytopath, x, 321. 

5. Gaiimann, E. : 1918. Beih. Bot. Centralb. xxv, 395. 

6. Le Beau, F. J., and Pinckard, J. A. : 1942. Phytopath, xxxii, 648. 

7. Quanjer, H. M. : 1928. Tijdschr. PlZiekt. xxxiv, 254. 

8. Thung, T. H. : 1926. Ibid, xxxii, 161. 


Ring spot of Cabbage, Mycosphaerella brassicicola (Duby) Oudem. 

' Ring spot ’ disease is common on the leaves of cabbages, cauliflowers, and 
other crucifers, but occurs in Britain chiefly on broccoli. While it causes little 
harm to the plants in general, severe spotting of the outer leaves and stem may 
cause some amount of loss of foliage, and if the season is continuously wet, increase 
of disease from outer to inner leaves usually results in retarded growth 
The disease is caused by Mycosphaerella brassicicola (Pyrenomycetes) 

All parts of the host, except the cotyledons and youngest leaves of the crown, 
are liable to attack, and include the stem; the more or less mature leaves, flower 
stalks, sepals, fruits, and seeds, but it is the outer leaves that suffer most. Leaf 
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spots may be few and large, up to an 
inch in diameter, or small, numerous, 
and scattered, and in severe infections the 
entire leaf may be involved and killed. 
Early symptoms on the leaves (Fig. 303) 
consist of small, dark-purple spots, visible 
from both sides, which, as they increase 
in area, develop different tints of dis- 
coloration in a concentric manner (‘ ring 
spot ") so that the older spots have a 
brown centre of dead tissue surrounded 
by successive zones of grey and yellow 
brown, and sometimes the surrounding 
lamina may vary in colour from normal 
green to yellow ochre, or brown, the 
colour of the dead leaf The concen- 
tric rings in the spots are further en- 
hanced when the fungus adopts the same 
arrangement for the production of the 
dark-coloured pycnidial and perithecial 
fructifications which may occur on both 
surfaces of the spots but more abundantly 
on the upper side. Lesions which appear on the under side of the midrib are roughly 
rectangular, often | inch long or more and | inch wide, and are of a dark neutral- 
grey colour. Similar lesions may also occur on the fiower stalks and on the stem, 
on which they extend for an inch or more and may sometimes girdle it entirely. 
Lesions on the floral parts usually consist of small spots on the sepals, which later 
may become covered with pycnidia, and of tiny spots on the fruits which develop 
in such number as to coalesc#and cover entire fruits which become shrivelled and ' 
dry. Fruit lesions may extend through the pericarp into the seed, rarely, however, 
penetrating further than the testa, but as the fruits perish the pericarp gets covered 
with pycnidia and perithecia. 

Pycnidia usually appear on the leaf spots while the leaves are still green ; they are 
sub-epidermal, dark, globose, 75 to 100 in diameter; pycnospores are unicellular, 
bacilliform, straight or slightly curved, thin-walled, hyaline, and measure from 3 to 7*5 
by I to 2-75 fjL ; the pycnospores ooze out through the ostioles in a pink, gelatinous 
thread Perithecia may occur at the same time as pycnidia, or more commonly later, 
in the autumn ; they are flask-shaped or pyriform, 90 to 125 by 80 to 1 12 /x ; asci are 
cylindrical-oblong, 8-spored, 40 to 50 by 8 to 12 /x ; ascospores (Fig. 304) are bicellular, 
oblong or slightly fusiform, hyaline, straight or slightly curved, constricted at the septum, 
measuring from 15 to 25 by 3*5 to 5-5 fx 7). High humidities and low temperatures are 
conducive to the development of perithecia, and ascospore-discharge takes place over a 
wide range of temperature from 0° to 25® 

The role of the pycnospores in the spread of the disease is uncertain and the 
perithecia which may be found during the autumn, winter and spring, appear to 



Fig 303 — Ring spot of cabbage (Mvcosphae- 
rella hrasstacola) (photo by Foister 
Noble) 
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be solely responsible for the rene^val of 
infections ^7). Discharge of ascospores 
takes place under humid conditions and 
the spores are disseminated by splashing 
rain or conveyed on wet clothes of 
workers ^7). Infection of the leaves is 
stomatal, and a closely septated branch- 
ing mycelium, 2 to 4-5 /x wide, at first 
hyaline but later darkening, occupies 
the cells and intercellular spaces of the 
leaf. The mycelium extends from one 
epidermis to the other, and in about 
three and four weeks after infection, 
pycnidia and perithecia appear, respect- 
ively, from globose masses of cells laid 
down in the sub-stomatal cavities, at 
both upper and lower surfaces of the leaf. Infection is favoured by cool, moist 
weather ; the optimum temperature for ascospore germination is between 15^^ and 
22° C. ; infections and good mycelial growth can take place at 8-8^^ C., but the 
disease declines rapidly at higher temperatures, up to 24"^ 

Despite possible seed infection, as stated above, when the fruits become in- 
fected, there is no clear evidence that this disease is seed borne, but as a precaution 
seed may be dipped for 10 minutes in water at 55"" or for 30 minutes at 50° C. 
Spread of the disease may be largely checked by removing the outer and older 
affected tissues, and by burning all plant debris, and suitable rotation with non- 
cruciferous crops is advisable 



Fig. 304 . — Mycosphaerella brassicicola, ^ 4 , asco- 
spores and their germination ( x 1500). 
pycnospores ( x 750) (after Weimar, J. Agric. 
Res.) 
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Light Leaf Spot of Cabbage, Gloeosporium concentricum (Fr.) Berk. & Br. 

This disease of cabbage, cauliflower, and broccoli is fairly common throughout 
Britain. It was first discovered in 1822, near Edinburgh <5, 6)^ ^^d was again 
noted in 1850, in Northamptonshire It occurs also in Australia 7) and has 
recently been reported in Portugal (Fig. 305). 

The most characteristic symptoms take the form of white spots on both surfaces 
of the outer leaves, especially on those which have already turned yellow in the 
normal way of senescence. The spots are arranged in a series of concentric 
circles, but each group of spots forming a circle is quite distinct from an adjacent 
circle, though sometimes circles may overlap and fuse together. On ^ the cauli- 
flower, the disease not only affects the fleshy midrib and lamina but the leaf 
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petioles and inflorescence or curd 
as well Later, a conspicuous 

feature is the pure, snow-white, 
fluffy appearance of the spots, but 
with continued growth the spots 
gradually turn yellow and finally 
black so that eventually a series of 
concentric black circles is formed. 
Younger leaves may be attacked 
in turn from the outer ones especi- 
ally during periods of prolonged 
wet weather during the season. 
Ordinarily, however, there is never 
any serious injury to the solid 
heart of the cabbage, or curd of 

Fig. 305. — Light leaf spot of broccoli (Gloeosporium cauliflower. 

concentricum). The lesions on parts of the upper The individual SpOtS in the 

surface (left) and on the under surface (right) of concentric groups are Very small, 
the leaf. Inset, close-up of a lesion showing the , . ^ , 

white sporing areas (photos by Foister & Noble) being frequently less than I mm. 

across, and each spot usually de- 
velops a single acervulus (Fig. 306), The latter is laid down between the cuticle 
and epidermis and when from pressure of spores the cuticle is finally broken 
through, the spores escape to the surface in the form of a fine gelatinous tendril 
issuing through a tiny opening in the cuticular roof of the acervulus. Similar 
features accompany the formation of spores on the cauliflower on which the 
sporing lesions developing in abundance on midribs and petioles turn brown or 
black almost as soon as the spores have broken through the cuticle, so that the 
snow-whiteness of the spots, a 


typical feature during sporulation 
on the cabbage, appears to be of 
shorter duration on the cauli- 
flower. On the larger veins and 
petioles of the cauliflower leaf, the 
lesions form narrow linear scars 
with upraised margins, and as 
they get older become sunken at 
the centre before being finally 
delimited from the surrounding 
tissue by the formation of cork. 

Leaf spot is caused by a fungus 
which has been variously placed in the 
genera Cytindrosporium and Gloeo- 
sportumf the present designation being 
Gloeosporium concentricum 3, s, ©), 
The acervjiliis (Fig. 306), between 
cuticle and epidermis, arises on a 



Fio. 306 . — Gloeosporium concentricum. Section of cauli- 
flower leaf showing a portion of an acervulus; 
broken cuticle at the top, and epidermis Mow 
( ^ 364) (after Halsey, Proc. Roy, Boc. Viet.) 
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thin but well-defined stroma from which mycelium passing between the epidermal cells 
extends for variable distances into the intercellular spaces of the mesophyll of the leaf, 01 
cortex of the petiole, as the case may be. The stroma gives rise to a close palisade of very 
short, branched conidiophores from the tips of which conidia are abstricted in succession. 
With the rupture of the overlying cuticle the acervuli become slightly erumpent and the 
spores ooze out in tendril fashion on to the leaf surface. The conidia are cylindrical with 
rounded ends, unicellular and generally biguttulate ; according to different authors 
spore dimensions are variable ; thus, from 10-4 to 13-1 by 2*5 to 2*8 fi ; 8*5 to 15 by 
2*5 to 5*5 \ 6 to 14 by 2 to 4-5 /i The spores germinate easily in water, preferably 

under neutral reaction to form a single terminal or sub-terminal germ-tube Growth 
in culture on Box's agar, at an optimum temperature between 18*^ and 20° C., produced 
puckered, cream-coloured colonies of rather slow growth, covered with spores ; at higher 
temperatures of 22° to 25"^ C., spherical black bodies resembling sclerotia, 140 to 270 /x 
in diameter, appeared ; others found such dark-coloured bodies in culture to be 
pycnidia containing a hymenial layer of conidiophores bearing conidia while similar 
sclerotial bodies have also been found with no internal organisation for the production of 
spores 

Inoculation of young cauliflower plants by spraying them with a spore sus- 
pension showed the period of incubation to be about 10 days the period on 
the cabbage varying from 13 to 15 days Penetration appears to be more readily 
effected at the lower than the upper surface of the leaf, and takes place direct 
through the cuticle, even the walls of the guard cells being penetrated and stomatal 
entry seems to be entirely precluded ^7). 

Although leaf spot may assume serious proportions in wet seasons, once the 
plants are in good heart there is little to fear from occasional rain. If spots appear 
on the outer leaves the latter should be removed and destroyed. On infected 
land a change of crop from brassicas is recommended for one or two seasons. 

1. Anon. : 1939. Waite Res. Inst. S. Austr. 1937-8. 

2. Berkeley, M. J. : 1851. J. Hort. Soc. \i, 117. 

3. — and Broome, C. E. : 1850. Ann. Mag. Nat. Hist. v. 

4. Cabral, R. V. de G. : 1940. Broteria^ ix, 18. 

5. Greville, R. K. : 1823. Sc. Crypt. FI. i, No. 27. 

6. — 1824. Flora Edinensis, 471. 

7. Halsey, F, J. : 1934. Proc. Roy. Soc. Viet, xlvii, 96. 

8. Moore, W. C., et al. : 1939. Tram. Brit. Myc. Soc. xxiii, 273. 

9. Thomson, J. R. : 1936, Ibid, xx, 123. 


Black Ring Spot of Cabbage 

This virus disease was first observed in Britain in 1934, on cabbage, sprouts, 
and other brassicas near Cambridge, and has since been recorded chiefly from 
districts in the south and east of England and south Wales ; the first occurrence 
in Scotland was in 1939 The disease is widely distributed on numerous hosts, 
viz. stocks {Matthiola incana & Af. incana var. annua) ^ wallflower (on which it 
causes a * breaking ’ of the flowers, especially of the blood-red variety), rockcress, 
sweet rocket {Hesperis matronalis)^ and others. A disease known as ‘ black ring ' of 
cabbage and other crucifers, in America, is believed to be similar to * ring spot ’ 
in Britain, which in addition to the hosts already named attacks rhubarb, Cheno- 
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podium alburn^ C, murale, spinach, Stellaria media, swede, turnip, watercress, 
honesty (Lunaria annua), Turkish and white hurley tobacco, and Nicotiana 
glutinosa Another disease observed in Wisconsin, in 1937, called ‘ ring necrosis 
resembles ‘ ring spot * in several respects, but the properties of its causal virus, 
its host range, and symptoms are different 

The symptoms of black ring spot in the field occur on full-grown cabbage and 
sprouts. The older leaves in particular ^ire covered with necrotic rings uniformly 
distributed over the surface. The rings are almost black in colour and deeply 
sunken in the tissue. In smaller plants the necrosis may take the form of circular 
or irregular lesions. Inoculations made into healthy cabbage seedlings with sap 
expressed from diseased plants of Nicotiana glutinosa (a species highly susceptible 
to the virus) produced symptoms of ring spot in 20 days ; as a rule, necrosis 
developed on the inoculated leaves, and systemic infection showed in the younger 
leaves as a mosaic mottle which gave a marbled effect, but there was no pre- 
liminary clearing of the veins, such as appears with another virus attacking the 
cabbage, namely that of cabbage mosaic. Necrotic rings developed later in the 
young seedlings and, occasionally, chlorotic rings as well On cauliflower 
and broccoli diffuse systemic mottling develops, following inoculation of the 
seedlings. Small, pale-green, roughly circular areas stand out in marked contrast 
to the normal dark-green colour of the leaf. In the field, old infected broccoli repeat 
the same feature of necrotic rings as was shown in affected cabbages in the field 
Similar observations were made on inoculated plants in California affected with 
‘ black ring ’ ; in this area the disease was prone to appear during cool weather \ 
Synonyms for the virus (Brassica virus i Smith) of this spot disease are : 
Wallflower mosaic virus (Smith 1935) ; Cabbage ring spot virus (Smith 1935) ; 
Cabbage black spot virus (Tompkins 1935, 1937) ; Cabbage mosaic virus (Larson & 
Walker 1939, in part). The virus is sap-transmissible and is spread by Myzus 
persicae and, in California, by Brevicoryne brassicae which breed on the host 
The virus is not persistent in the vectors which must make frequent visits to fresh 
sources to maintain infection. There is no evidence of transmission by seed. 

As the disease occurs on a wide range of cruciferous plants and on various 
weeds, the chief means of control lies in the eradication, as far as possible, of all 
sources where the insect vectors hibernate. This is not an easy task since the 
vectors are known to multiply freely on all kinds of cruciferous debris, particularly 
of cabbage. 

1. Dennis, R. W. G., and Foister, C. E. : 1942. Trans, Brit, Myc. Soc. xxv, 280. 

2. Larson, R. H., and Walker, J. C. : 1941. J. Agric, Res. Ixii, 475. 

3. Moore, W. C. : 1943. Minis. Agric. Bull. 126. 

4. Smith, K. M. : i935‘ Grdnrs\ Chron, in, 98, 112. 

5. — 1935* Ann. App. Biol, xxii, 239. 

6. — 1937- Textbook of Virus Diseases, J. & A. Churchill, Ltd. 

7. Tompkins, C. M., et al, : 1937. Phytopath, xxvii, 955. 


Powdery Mildew of Cucumber and Melon, Erysiphe cichoracearum DC. 

Powdery mildew caused by Erysiphe cichoracearum (Ascomycetes) is very 
common on plants belonging to the cucumber family. The fungus also attacks 
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a large number of hosts widely divergent in classification, which include potato 
seedlings i6a)^ lettuce cineraria sunflower tobacco seedlings 
mango trees and others. It occurs commonly in Britain on cucumbers and 
vegetable marrows grown in frames and greenhouses and is reported in 

the United States to cause considerable losses on cantaloupe melons 

On cucumber and vegetable marrow under excessively moist conditions 
the mildew begins to appear as small white areas on the leaves and stems but not 
on the fruit. Unless checked, the spots cover entire leaves on which the character- 
istic white powdery conidial fructifications of the fungus soon appear. The conidia 
are easily conveyed to fresh leaves by wind currents, or when the plants are splashed 
during careless watering. On cantaloupe melons the stem and leaves and basal 
parts of the crown may often be covered with these white fructifications, especially 
on parts overshaded by the leaves, close to the soil, and on the under side of the 
lowermost leaves. From such parts the mildew spreads over to the upper leaf 
surfaces and to the younger leaves and stems, and also to adjacent healthy plants 
In general, the effect of the mildew by covering stems and leaves with its mycelial 
web is to check growth and induce chlorosis, and the fruit suffers by reduction 
in size and quality. 


E. cichoracearum includes nunnerous physiologic races which differ widely in virulence 


and in morphological features, especially in the size 
of the conidia It is interesting to note that infec- 
tion experiments conducted with this fungus on a 
variety of hosts resistant to it showed the unusual 
feature of repeated attempts being made at penetra- 
tion of the host. After the first penetration-process 
from the conidial germ-tube had been checked by 
the development of a papilla in the epidermal wall, a 
second, and sometimes a third process would arise 
from the germ -tube only to be stopped again at the 
same stage of attempted entry The fungus forms 
a tangled web of mycelium over the surface of stems 
and leaves, and rather large spherical haustoria are 
developed in the epidermal cells (Fig. 307 f). The 
superficial mycelium gives rise to a great profusion 
of erect conidiophores bearing conidia which vary 
considerably in dimensions according to their race 
(Fig. 307 a) ; thus, in one race they are from 24*4 to 
35*39 l^y 1^*55 to 20*53 H' another from 33*8 

to 63*8 by 18*8 to 3 1 *9 ft Perithecia are of rare 
occurrence, due possibly to the great majority of 
infections being caused by strains sexually alike, the 
fungus being probably heterothallic ; thus, peri- 
thecia have been found only on certain parts of 
diseased leaves where probably sexually compatible 
strains of the fungus had established union; they 
have, however, been reported from localities of cold 
dimate, and on cucumber plants in the open 



Fig. 307. — Erysiphe cichoracearum^ 
causing mildew of cucumber, 
etc. stages in development of 
conidiophore and conidia. B, 
C, Dt asci and ascospores. 
ascospores. F, haustoria (after 
Salmon, Torrey Bot. Club) 
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Like the conidia, the globose perithecia and their spores vary widely in dimensions, from 
80 to 140 /Li in diameter, containing about 10 to 15 ellipsoid, more or less stalked asci 
(Fig, 307 B, c, d), 58 to 90 by 30 to 50 /x, furnished with 2, rarely 3, oval or sub -cylindrical 
ascospores, 20 to 28 by 12 to 20 /x ; from another race the dimensions were 124 to 
169 /i, 64 to 86 by 34 to 49 /i, and 30 to 45 by 15 to 26 /x, for perithecia, asci, and 
ascospores respectively Powdery mildew of cucurbits in the Volga region of Russia 
showed the presence, in addition to this species, of a varietal form of the organism of 
the hop mildew, Sphaerotheca humuli, namely, the iorm fuliginea*^^^^. 

New races of E, cichoracearum are believed to arise by hybridisation, for 
cantaloupe melons hitherto resistant in the same locality were later attacked ^7). 
It is interesting to note that the perithecia of this fungus found on Jerusalem 
artichokes, in New Jersey, were infested with another fungus, Cicinnoholus cesatii, 
killing the ascocarps and then living on in the moribund tissues of the leaves of 
the host 

Owing to the rarity of perithecia, powdery mildew in frames and glasshouses 
probably survives from year to year in the form of conidia or mycelium on host- 
remains of the previous season. Moreover, the fungus has been found throughout 
autumn and winter on volunteer plants of various species of cucurbits, and in 
California susceptible host plants may be found in almost unbroken succession 
throughout the year 

As already mentioned, powdery mildew of cucurbits is encouraged in the green- 
house by excessive humidity and out in the open the disease is liable to develop 
during wet periods after the plants have reached a certain age, the trouble in- 
creasing more and more as the foliage becomes luxuriant But even during 
comparatively dry periods the fungus may still be active provided heavy dews 
occur at night ^5, b^t long periods of dry weather definitely arrest the trouble. 

AVater-culture experiments, incorporating silicic acid, have shown the bene- 
ficial effect of this substance in increasing the resistance of cucumber plants to 
mildew, and the incubation period of the parasite is prolonged, owing probably 
to the deposition of silica in the epidermis When boron was supplied to 
sunflower plants exposed to infection they showed little or no mildew 

Control of humidity in the greenhouse or frame as a check to mildew is a 
difficult problem in view of the great needs of all cucurbits for water to encourage 
succulence in the fruits. These can be met, however, if by watering the soil the 
atmosphere in the house is not rendered too moist, and retention of water around 
the roots is greatly assisted by adding plenty of humus to the soil. 

Good protection against mildew can be given by dusting with finely divided 
sulphur, and appreciable increments of yield are reported after this treatment <5, 6)^ 
Good results also follow upon spraying with liver of sulphur, i oz. per 3 gallons 
of water or i per cent. Bordeaux or Burgundy mixture, either of these mixtures 
being applied twice — first, when the disease breaks out, and again 3 or 4 weeks 
later 6)^ Satisfactory control has also been obtained with ‘ shirlan paste plus 
agral N \ the spray being given eve^ 3 4 days during the first month of attack, 

and at weekly intervals after ; during this programme it is advisable to remove 
the oldest leaves so as to help thinning out, and the plants should be sprayed until 
the leaves drip <*2). 
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Anthracnose of Cucumber, Colletotrichum lagenarium (Pass.) Ell. & Halst. 

Anthracnose is a destructive disease of cucumbers, watermelons, cantaloups, 
and gourds It was first reported in England in 1871 to attack cucumber 

and occurs locally on this host as well as on vegetable marrow and melon in 
England. The disease is common in Europe, America, and other areas ^7, 8, 13)^ 

The disease affects cucumbers in the open and under glass All parts 
of the host are liable to attack. In the crop the general effect is a parched or 
scorched appearance and spotting of the leaves, the chief damage being due to 
the destruction of the lamina, though petioles, stems, and fruits also suffer. The 
disease shows itself somewhat late in the growing season, breaking out in rather 
restricted areas, extending slowly at first but spreading quickly in wet weather. 
As a damping-off disease of cucumber seedlings, anthracnose is not common, 
but when affected, the young plants are attacked at soil-level and a shrinkage 
of the tissues brings about their collapse ^5, On established plants, early 
spots on the leaves usually appear above a vein as pale-green water-soaked areas, 
soon becoming dry and of a reddish-brown colour, with a yellow zone around. 
The spots increase in size and join together, the browned areas cracking or falling 
out, and the leaf dies. On the upper surface of the leaf lesions, small pink acervuli 
may be found. On leaf stalks and stems the lesions are linear or oval, slightly 
sunken, water-soaked and yellowish, but quickly dry out and become powdery. 
Sometimes stem lesions are so deep, or girdle the stem so completely, that entire 
shoots perish. Spots on the fruit are pale-green, more or less circular, sunken 
areas, which sporulate abundantly to form buff or pink masses, later turning 
black. On ripe fruits the black lesions may show white craters on which the 
old acervuli appear as black dots. As the fruit lesions dry out, the tissues below 
may become exposed by cracking of the surface ; if such fruit lesions attain any 
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great depth it is not improbable that seed infection may sometimes occur in this 
way 

Anthracnose of cucurbits is caused by Colletotrichum lagenarium (Melanconiales) 

In Russia, the form of the fungus which attacks cucumber, melon, and water-melon does 
not affect the vegetable marrow, though the form attacknig the marrow is pathogenic to 
other cucurbits Acervuli arise from sub-epidermal stromata. The spores are 
unicellular, oblong or ovate-oblong, slightly pointed at one end, 13 to 19 by 4 to 6/x, 
pink in the mass ; setae are numerous, 2- to 3-septate, brown, thick-walled, 90 to 120 /x 
long Some have described pycnidia in addition to acervuli but the former are 
believed to be only a stage in the development of the acervular stroma When 

cultures of two strains of the organism growing together were exposed to ultra-violet 
rays, numerous perithecia of a ‘ Glomerella * type formed along the line of junction 
but these bodies have not been observed in nature. So-called ‘ sclerotia ' which have 
been observed in fruit lesions appear to be only a stage in the further development 
of the stromatic tissue under the lesions ; they have also been found in culture 

Spore germination is strongly aerobic ; the minimum temperature is 4° C. 
and the optimum between 22^ and 27^^ C. Conidia have been observed, in water 
at 14° to 18° C., to produce chlamydospores which developed a mycelium ; the 
latter is at first colourless and thin-walled, septated, but later becomes thick-walled, 
dark brown, the cells again appearing like chlamydospores It is not clear 
how the fungus survives from season to season. It is suggested that one method 
may be by chlamydospores ^*5) or through sclerotia developed on host debris 
The fungus is known to survive saprophytically on rotten wood in the glasshouse 
and in straw manure from beds in infected houses, and infection may thus spread 
to fresh crops. There is no substantial evidence that the disease is carried by 
seed, though it may sometimes occur if infected fruit-pulp still remains adherent 
to fresh seed, otherwise it is difficult to account for the introduction of the disease 
into new areas It appears to be the custom, therefore, for growers to use 
older seed in preference to new. In general, early infections are seen to arise on 
the under side of the leaves, due probably to spores being splashed by rain from 
infected debris on the ground, or carried through the soil in drainage water. 

With constant high humidities of 87 to 95 per cent, the disease is produced 
over a wide range of temperature, but most severely at 24° C. By keeping the 
temperature unusually low or high the trouble is materially checked but the effect 
of these extreme conditions on the host is injurious In Hungary, on the other 
hand, the disease was favoured by comparatively low temperatures at 12° to 14° C., 
the conidia remaining viable after exposure to 0 ° C. during the winter 

Since the fungus grows saprophytically on various materials such as wood 
and straw, efficient cleansing of glasshouses with disinfectant is essential For 
this purpose an emulsion of cresylic acid with pure, potash soft soap, i gallon 
of acid to 8 lb. of soap, heated until dissolved and used at a strength of i in 50 
of water, on the woodwork, is recommended At the first signs of disease the 
plants should be sprayed with potassium sulphide, using flour paste for better 
adhesion, the proportions being 5 lb. flour, 4 lb. sulphide, per 100 gallons of 
water, a second application being given a week later, preferably in the evening, 
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and the surplus spray should be removed next morning with water Excessive 
humidity and sharp fluctuations of temperature in the glasshouse should be avoided, 
the maintenance of a constant day-and-night temperature being most import- 
ant ^5). When seed contamination is suspected, disinfection may be ensured by 
steeping for 5 minutes in a solution of i in 1,000 mercuric chloride 

1. Anon. : 1911. J. Bd. Agric. xviii, 670. 

2. Anon. : 1933. Minis, Agric. Bull. 68. 
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4. Bewley, W. F. ; 1921. yth Ann. Rpt. Res. Stn. Cheshunt, 32. 
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Blotch Disease of Cucumber and Melon, Cercospora melonis Cooke 

This disease was first discovered in England in 1896 on leaves of melon. It 
was seen again, in 1904, on leaves of cucumber in Hayes, Middlesex, and in this 
instance loss of fruit was reported to be very heavy Since the discovery of 
the resistant variety, Butcher’s Disease Register ‘ blotch ’ has practically 
disappeared from cucumber culture, but sporadic outbreaks are still reported 
to occur on other varieties in various parts of England and Wales. 

The symptoms on the leaves of cucumber consist of numerous irregular spots 
of various sizes on the upper surface, pale green at first, turning yellow and then 
brown, and the discoloration spreads so quickly, the leaves becoming dry and 
crumbling,, that entire leaves perish within twenty four hours of infection 
The fruit remains small, or fails to develop. 

The fungus causing leaf blotch, Cercospora melonis is a member of the Hypho- 
mycetes (Fungi Imperfecii). The mycelium from the interior of the leaves breaks out, 
spreading on the surface to form a dark, olivaceous mycelium which gives rise to erect, 
slender conidiophores. The hyaline to brown, inversely club-shaped and tapering 
conidia, 80 by 8 /x in a widest diameter, are borne singly or in a row of two or three on 
the conidiophore, and are from i to 12 or 15-septate In agar cultures the abundant 
mycelium is at first colourless, then changes to a greenish brown and sporulates so pro- 
fusely as to develop a velvety pad covering the substratum. Conidia germinate within a 
few hours at 20® to 22° C., the germ-tubes being developed from the two end cells of the 
spore 
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When infected leaves fall to the ground the contained mycelium may grow 
out on to the surface of the soil and may even form conidia — somewhat smaller 
than those on the leaves — which, if dispersed by wind or splashing water bring 
about fresh infections. If the soil remains moist the mycelium continues to 
extend and produce more conidia as long as moist conditions and high tempera- 
tures last. Thereafter this soil mycelium passes over into a resting condition and 
is said to survive from one season to the next. The disease is only epidemic under 
glass when moisture is excessive and temperatures are high. Under these conditions 
when the foliage is rendered soft, especially if the plants are in shade, infections 
are easily established In the open the plants are rarely infected, and lightly 
affected ones taken out of the greenhouse sometimes recover. 

This disease is difficult to eradicate from glasshouses and frames, and drastic 
cleansing with disinfectant and thorough removal of all soil which has become 
contaminated with mycelium and infected plant debris, is essential before another 
planting of cucumber in fresh soil is made. Fortunately, the variety Butcher’s 
Disease Register is highly resistant, and though it may sometimes show a few 
disease spots on the cotyledons, these usually develop no further Owing to 
the survival of the fungus on leaves left on the soil over winter, all leaf debris 
should be collected and burned. Little benefit is reported from spraying the 
plants to check the disease, but with adequate ventilation good results were 
obtained using potassium sulphide, 2 oz. in 3 gallons of water and adding 2 oz. 
of soft soap, the spray being directed especially towards the under side of the 
leaves 


1. Anon. : 1902. y. Bd. Agric. ix, 196. 

2. Cooke, M. C. : 1896. Grdnrs\ Chron. xx, 271. 

3. Green, D. E. : 1929. Ibid. Ixxxvi, 449. 

4. — 1932. J. Roy. Hort. Soc. Ivii, 63. 

5. Maze, P., and Gussow, H. : 1904. J. Roy. Agric. Soc. Ixv, 270. 


Bacterial or Marginal Spot of Lettuce, Pseudomonas marginalis 
(N. A. Brown) Stapp 

This disease first appeared in England during the summer of 1921 in a garden 
where 75 per cent, of the lettuce plants were attacked and is now fairly common 
throughout Britain. Several bacterial diseases of lettuce are known in different 
parts of the United States and the one called ‘ Kansas disease on greenhouse 
lettuce, is probably the same as ‘ marginal spot ’ 

The disease is caused by the bacterial organism Pseudomonas marginalis 
the specific name being descriptive of the characteristic symptom of a brown 
discoloration along the margins of the leaves. Marginal withering of lettuce 
leaves may also be caused by Botrytis cinerea (see ‘ grey mould *, p. 657), and may 
sometimes be due to deficiency troubles particularly of potash in short supply^^a, 10)^ 
Early symptoms appear when the lettuce plants are about half grown. On 
leaves in the same whorl, of much the same age, the marginal discoloration appears 
at various points, and may vary from mere specks to areas 2 to 3 cm. long, which 
by coalescence may extend into strips up to 7 cm* long. The oldest leaves on 
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the outside may show a wilting only at the tips, but these outer leaves are frequently 
entirely unaffected. From the browned margin the discoloration works back- 
wards until the veins of the leaf appear as a fine brown network Later the 
entire leaf droops, the midrib turns a rusty brown colour, and finally becomes 
soft and pulpy The infection does not extend down the entire leaf, and is 
not of the nature of a rot or soft decay, but the discoloration mars the appearance 
of the leaves, making the plants unacceptable for market 

The organism of bacterial spot of lettuce has been variously named by different 
authors. It appears to be synonymous with B. marginale B.pyocyaneus and closely 
related to B, aptatum^^K It is described as “ motile, with i or 2 polar flagella ; rod-shaped ; 
occurring singly, or in pairs, or in short chains ; forms capsules but not spores ; measures 
from 1*5 to 3*0 by 0-75 to 1*65 /x ; gram-negative ; not acid-fast ; facultative anaerobic ; 
green fluorescent ; liquefies gelatine ; nitrates not reduced ; produces ammonia ; colonies 
on beef-extract-agar (/)H 6*9) in 8 days, white to creamy, round, or with slightly irregular 
edge, smooth ” Other bacteria, P, viridiUmday and B. phytophthorum (p. 483), have 
also been isolated from lettuce affected with marginal disease of the foliage 

The organism is soil borne, and is highly resistant to extremes of temperature ; it 
survived in a refrigerator for 9 to 10 months and retained its virulence for more than a 
year<3)^ On a peptone-broth medium + 15, the temperatures for growth were 38° maxi- 
mum, 25-26*^ optimum, with a minimum below 0° 

Infection takes place through the stomata of the leaves, or at points where 
drops of water collect at the leaf margin. The disease is frequently associated 
with heavily manured autumn crops watered overhead 

In well-ventilated greenhouses ' marginal spot ’ is hardly known, but is greatly 
fostered by high humidities. Its spread in the greenhouse is effected chiefly 
through careless watering, for since the organism is a soil inhabitant, overhead 
watering causes soil to be spattered on to the leaves and infection of the wetted 
leaf is therefore ensured. Watering should be directed to the roots or done by 
sub-irrigation. 

1. Anon. : 1933. Minis, Agric. Bull. 68, 14. 

2. Bergey, D. H., et al. : 1930. Manual of Determinative Bacteriology, 
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4. Clara, F. M. : 1934. Cornell Univ. Agric. Exp. Stn. Mem. 159, 27. 

4 a. Dowson, W. J. : 1943. Trans. Brit. Myc. Soc. xxvi, 10. 

5. Elliott, C. : 1930. Manual of Bacterial Plant PathogenSy p. 158. 

6. Lacey, M. S. : 1932. Ann. App. Biol, xix, 190. 

7. Mehta, M. M., and Berridge, E. M. : 1924. Ann. App. Biol, xi, 318. 

7 a. Moore, W. C. : 1943. Minis. Agric. Bull. 126. 

8. Paine, S. G., and Branfoot, J. M. : 1924. Ann. App. Biol, xi, 312. 

9. Wakefield, E. M., and Moore, W. C. : 1936. Trans. Brit. Myc. Soc. xx, 102. 

10. Woodman, R. M. : 1939. J. Pomology, xvii, 167. 


Downy Mildew of Lettuce, Bremia lactticae Regel 

Downy mildew of lettuce is a disease mostly of young seedlings under glass, 
but plants of all ages may be attacked, though less severely in the open. 

The disease has been known in Europe since 1843 in America, about 
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187s and is now of common 
occurrence wherever lettuce is 
cultivated. It is of more import- 
ance on winter and early spring 
crops than on those grown during 
the warmer months of the year. 
Appreciable losses from downy 
mildew are experienced in storage 
and during transit overseas, and 
the disease is hardly checked even 
at the low temperature of the 
refrigerator. Still greater losses 
may occur if the mildew is suc- 
ceeded, as so often happens, by 
the BotrytiSy ‘ grey mould ’ disease. 

Seedlings in the frame are 
attacked very soon after germina- 
tion, but seed transmission is 
considered negligible, each crop 
becoming infected from a pre- 
vious one Its spread during 
the winter is mostly in patches, 
but sometimes it may sweep 
through an entire stand of young 
plants. Seedlings attacked soon 
after emergence may be killed off, and older ones, from loss of the early leaves 
through disease, remain stunted and make but poor growth. The check to growth 
is not so evident on plants which are more or less well established, but this does 
not decrease their liability to infection. 

When older plants are attacked, early symptoms of downy mildew may be 
seen on the lowermost leaves, especially on those shaded over and in contact 
with the soil. These early signs consist of light-green or yellow spots, | to | inch 
in diameter, scattered on the upper surface of the leaves, and which later become 
covered on the corresponding areas on the under surface with patches of the snowy 
white mycelium and sporangia of the mildew (Fig. 308). Individual spots may 
spread, join together, and later turn brown in colour. 

Downy mildew of lettuce is caused by the fungus Bremia lactucae (Peronosporales). 
The asexual fructifications are developed in great profusion on affected foliage, but the 
oospore stage occurs rarely The sporangiophores emerge through the stomata in groups 
of two or three, and have an average length of 190/Lt, before they branch out in dichotomous 
or trichotomous fashion near the top, to form numerous short branches which finally 
terminate in flattened expansions, like the upturned palm of the hand, the digits repre- 
senting so many fine sterigmata each bearing an oval-shaped spore (Fig, 309 A.) The 
spores are hyaline, papillate, and measure on an average 18*5 by 17*5 /x ; they germinate 
mostly direct by germ-tube, but also indirectly by formation of zoospores (Fig. 309 B, f). 
It is reported that spores which were developed at the lower temperatures from December 



^IG. 308. — Downy mildew of lettuce {Bremia lactucae) 
(photo by Ogilvie, by permission of Long Ashton 
Res. Station) 
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Fig. 309. — Bremia lactucae. sporangiophorc and sporangia. B, C, D, sporangium showing 

direct germination. J?, F, indirect germination of the sporangium. G, germinating zoospore. 

Hy sporangiophorc emerging through a stoma (after Milbrath, J. Agric. Res.) 

to March formed zoospores more readily than those developed during the warmer parts 
of the year. Subdued light or darkness, and a temperature of 10° C. are most favourable 
to the development of zoospores, and it is probable that infections which take place at 
comparatively low temperatures are effected by zoospores, and those at somewhat higher 
temperatures by direct formation of germ-tubes from the spores themselves The 
latter are fairly resistant to dryness and are apparently able to survive in the soil of the 
greenhouse from one season to the next ; whether they actually survive in the soil itself 
or on remains of infected material is not clear, but they are reported not to survive 
frost others state that their viability is lost in 6 or 7 days ^^4). The light-brown, 
spherical oospores, 26-35 /x in diameter, have not, so far, been found in the host 

Bremia lactucae attacks also various wild species of the lettuce kind, a few 
ornamentals and also a number of weeds, and the frequent proximity of 
these to greenhouse or frame has suggested that they may serve as carrier hosts. 
The fungus exists in a number of strains or physiologic races, some* of which are 
believed to be specialised on their respective hosts ; at least two are known in 
England, one of them showing variable degrees of pathogenicity on particular 
varieties of lettuce, but all varieties are susceptible to the other strain 6, loa, lob, 12) 
The form (or forms) of the fungus affecting lettuce in England is probably a 
different race from that attacking the plant in the United States But an 
American strain found on Lactuca scariola var. integrata is apparently similar to the 
second English strain 

Infection takes place through the stomata and is favoured by temperatures, 
from 15° to 17*^0. The mycelium is intercellular and is furnished with club- 
shaped haustoria. Sporangiophores and spores appear within 8 to 9 days following 
inf^tion. 
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Downy mildew of lettuce is favoured by comparatively low temperatures 
and high relative atmospheric humidities Few, if any, fresh infections occur 
in the open during the summer and during spells of dry weather. The rapidity 
with which fresh attacks come on immediately after rain indicates that infections 
may already have been established at an earlier stage but held in abeyance until 
the arrival of more humid conditions 

Lettuce varieties differ considerably iu their resistance to downy mildew 7) 
Strain j of B. lactucae isolated mainly from outdoor lettuce attacks : Arctic King, 
Attractie, Blatchford’s Giant, White Cos, Borough Wonder, Cheshunt Early Giant, 
Feltham King, Forcing Mildew Resistant, Webb’s Wonderful, and Celtuce, while 
Finney’s ‘ 27 ’ and Grand Rapids are resistant. Strain 2, found mainly on indoor 
lettuce, attacks all cultivated varieties tested 

Though the lettuce plant is essentially moisture-loving excessive moisture 
should be avoided in the greenhouse during early growth at low temperatures 
if seedlings are to grow healthily. Spraying the seedlings with Bordeaux mixture 
4 : 4 : 50 is recommended two or three times before transplanting Over- 

head watering, especially on dull days, should be avoided, and there is less risk 
from disease if the plants are sub-irrigated, the surplus water being allowed to 
drain away Treatment of the seed-bed with formalin ^2) or ‘ folosan ’ dust 
gives some measure of control over the mildew 
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6. — and Chandler, N. : 1933. Phytopath, xxiii, 18. 

7. Maepherson, N. J. : 1932. J. Min, Agric. xxxviii, 998. 
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14. Wild, H. : 1947. Trans. Brit. Mycol. Soc, xxxi, 112. 


Ring Spot of Lettuce, Marssonina panattoniana (Berl.) Magn. 

‘ Ring spot ’ disease of lettuce is of importance in Britain only on winter 
lettuce (grown from seed sown in late summer), on plants set out in the open to 
head in the late spring. There is little danger of the trouble occurring on spring 
lettuce, and it is rare in the frames, though the first record in England was on 
lettuce under glass Summer lettuce is also fairly safe from attack under dry, 
warm conditions, but may suflFer if allowed to grow on to the autumn <*♦>. In 
other countries the disease is reported to do great damage to greenhouse lettuce 
andin New York State where it occurs on early spring and late outdoor plantings 
it is prevalent too, in the greenhouse 

This disease was first discovered in Italy in 1894 ; the first record in Britain 
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occurred in 1912, but not on outdoor 
crops until 1922, at Swanley, Kent, 
where growers reported that whole areas 
of several acres were ‘‘ so badly attacked 
that we shall have to plough them 
in ” In America the disease was first 
reported in 1895, in Ohio and in 
Victoria, Australia, in 1919, probably 
from importation of contaminated 
seed ^ 3 ). 

Ring spot attacks lettuce under cool, 
damp conditions, at all stages of growth, 
from young seedlings to mature plants. 

The former are rapidly browned and 
destroyed and soon become converted 
into a soft, slimy mass. In the beds, the 
affected plants are yellowed or browned, 
the discoloration progressing from the 
outer to the inner leaves until entire 
heads are often destroyed. On the ex- 
panded leaves early infections begin as 
small, water-soaked areas which vary 
from mere points to spots 3 to 4 mm. 
across, circular, or angular in shape if they are close to the larger veins. As they 
enlarge, the spots turn yellow and then brown, the tissue gradually dying off from 
the centre towards the margin (Fig. 310). A characteristic feature of the disease, 
giving it the name of ‘ ring spot is the ultimate dropping out of the central part 
of a spot, leaving a shot-hole, so that a perforated lamina helps, at a later stage, to 
distinguish this disease from two other maladies of the lettuce, which otherwise it 
closely resembles, viz. ‘ marginal spot ’ (p. 650), and ‘ grey mould ' (p. 657), but 
the bacterial leaf spots are more yellow brown than this, and those of the Botrytis 
grey-mould dry out and turn black The brown spots on the lamina may extend 
to about 2 mm. in diameter before they develop a white or pinkish-white layer of 
spores, or the centre may drop out, leaving the hole with a white or pale-pink fringe 
of spores, but most commonly the edges of the holes are brown The symptoms 
on the stem, and on the larger veins, the midrib in particular, as seen from the under 
side of the leaf, are somewhat different, consisting of a series of sunken lesions, 
rather elongated in the direction of stem or vein, ranging from 4 to 5 by 2 to 2*5 
mm, in diameter, and are straw yellow, or reddish yellow as they get older, a feature 
which prompted some of the earlier observers to call this a rust disease of lettuce. 
Sometimes the lesions on the leaf petioles may be so deep as to cause the lamina to 
bend over Rusty-brown spots are also reported to occur on the inflorescences 
and fruit clusters 

Ring spot is caused by Marssomna panattonianay a member of the Fungi Imperfecti, of 
the group Melanconiates The spores (Fig, 311) breaking through the epidermis 



Fig. 310 — Ring spot of lettuce (Marssomna 
panattoniana) (photo by Foister & Noble) 
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of the pustule (acervulus) are borne on short 
conidiophores, are colourless singly, but white or 
pale pink in the mass, club-shaped, slightly curved, 
uniseptate, 12 to 17 by 3 to 4 /Lt. They germinate 
at temperatures up to 25° C., producing in culture 
a slender, septated mycelium, with scant sporula- 

tion< 4 . 10, 15) 

There is no clear indication of the manner 
in which this disease is carried over from one 
season to the next. The chief source of infect- 
ivity is believed to be from diseased plant 
debris being allowed to remain on land in 
which the crop is planted over and over again, 
though such infected material is said to be 
innocuous after eight months or less ^7, h) but 
may possibly survive longer under certain circumstances. There is also the prob- 
ability of its longer survival in the soil, and it is certainly carried to clean land 
with manure containing lettuce trash The organism also attacks certain 

weeds, near relatives of the lettuce, notably Lactuca scariola (believed to be the 
progenitor of the cultivated plant), L, spicata^ and L. canadensis ; and several 
other species of the genus yield to infection in the seedling stage There is 

little doubt that the disease may be seed borne but others have failed to 
establish this 

Whatever be the means of primary infection, whether from contaminated 
seed or from a renewal of sporing on infected leaf debris in the soil, the first signs 
of disease consist of small spots on the under side of some of the outer leaves, 
such as would be caused by the splasl\ing of spores from the soil. It is recorded 
that, from the sowing of contaminated seed, a latent period, as long as two months, 
is passed through before the appearance of symptoms, and it is suggested that 
spores carried up in germination, in contact with the cotyledons, remain ungermin- 
ated, but viable, for a considerable time Infection having been established 
in the outer leaves, the fungus may proceed direct from leaf to leaf in contact, 
so that an entire plant may thus become infected. Even when direct penetration 
may not go as far inwards as to re^ch the heart leaves, secondary infections brought 
^ about by spores being splashed from the lesions on the older, outer leaves may 
form fresh lesions on the upper parts of the inner leaves, or on any of the leaves 
of neighbouring healthy plants. In wet weather, spores produced in immense 
numbers in these leaf lesions are washed down to the crown of the plant, and 
so the leaf stalks become infected, with the result that there is considerable withering 
of older leaves and fresh infections of younger ones The disease is most 
prevalent in damp or rainy weather, and is favoured by rather low temperatures 
There is little doubt that the disease is aggravated by growing lettuce in the 
same ground from year to year. Remains of diseased plants should not, therefore, 
be allowed to remain on the soil, or be dug in, or conveyed to the manure heap, 
but collected and destroyed by burning. Rotations of three years are recom- 
mended If seed treatment is decided upon, this should be done with a clear 
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solution of bleaching powder (i part in 10 of water, by weight, allowed to stand 
for I hour, and then strained), steeping being done for 4 to 6 hours, keeping 
the temperature below 25° C., and sowing as soon as possible Spraying the 
soil, after sowing, with a i per cent, solution of lithium nitrate is reported to reduce 
the amount of disease Spraying of seedlings with a 3 : 6 : 50 Bordeaux 

mixture is also recommended but plants dipped in the mixture previous 
to planting out were checked and no apparent control was obtained 

It appears that no variety of lettuce is immune from ring spot disease, but 
there are various grades of resistance to it. The varieties Trocadero, Lobjoits^ 
Green, Hardy Winter White, are all susceptible while May King, Syston 
Glory, and Standwell show least infection 
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Grey Mould of Lettuce, Botrytis cinerea Fr. 

‘ Grey mould ’ attacks lettuce practically all the year round and is most de- 
structive on the plants in the open. Early planting out from cold frames, even as 
early as January and February, naturally appeals to the commercial grower, 
and such fostering of growth to induce early maturity is greatly encouraging 
to the disease. Under crowded conditions and enclosed humidity existing in 
the cold frame during winter when ventilation is attended with risk from frost, 
when daylight is poor and fogs are common, the plants are tall and spindly and 
highly subject to grey mould disease Under these conditions mortality of 
seedlings is very high and up to 75 per cent, of the crop may be lost within a few 
weeks of being set out in the open 

This disease attacks young plants at ground-level and is a typical ‘ collar rot 
causing a wilting and collapse of entire plants. Under normal conditions, in a 
dry or moderately moist environment, the young plants cast off their cotyledons 
and sometimes their lower leaves as well, as soon as their permanent leaves have 
started to develop. The scars of the rudimentary leaves meanwhile become 
healed up in the normal way, thus rendering the seedlings tolerably safe from 
attack by micro-organisms of the soil. Under conditions of excessive humidity, 
however, in crowded growth in the frame, the young plants either fail to throw 
off the cotyledons and lower leaves, in which case these organs quickly decay or if 
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they are discarded, their scars on 
the stems fail to heal over owing 
to excessive moisture. The seed- 
lings are, in consequence, open to 
immediate attack through these 
channels by various organisms, the 
most common of these being Botry- 
tis cinerea, a fungus which is respons- 
ible for the grey, mouldy condition 
of a wide range of plants, including 
flowers and fruits as well as vege- 
table matter, under humid condi- 
tions. This fungus is especially 
favoured when first presented with 
moribund tissue such as, here, the 
decayed cotyledons and lowermost 
leaves of the seedlings, or failing 
these the exposed tissues of wounds or open scars. Stimulated by this pabulum, 
its virulence is increased and the fungus is enabled to penetrate further through 
the diseased tissue, or open scar, into the stem. When seedlings are crowded 
together in the frame, these incipient stem or collar infections are very difficult to 
detect, and there is little doubt that a very high percentage of seedlings unsus- 
pected of harbouring the disease are planted out in the open. 

About a week after transplanting, older leaves of aflpected plants collapse and 
become dull and yellow (Fig. 312). Such leaves show at the base a characteristic 
reddish-brown discoloration which may extend not only to the leaf margin but 
round and up the stem as well, the tissues of which become more and more involved. 
Disintegration of the stem at the collar may set in so rapidly that the green shoot 
above falls over before there is any wilting of the younger leaves Over the 
surface of the browned diseased portions, the whitish-grey conidial fructifications 
of J?. cinerea usually appear in great abundance (Fig. 77 d). 

On plants set out in the spring, about April, and examined some two months 
later when well established, there is considerably less disease than on the earlier 
plants and it is confined mainly to the outer leaves at their basal parts in contact 
with the soil. In these parts, dark, almost black lesions may extend about half-way 
around the stem and a number of reddish-brown sclerotia may be found embedded 
in these lesions. These hard bodies, often as many as six in a lesion, are club- 
shaped with the narrower end projecting downwards, and may be accompanied 
by a sparse growth of conidia covering the surface of the lesion. On the decay of 
the host the sclerotia are liberated into the soil where they are capable of survival 
over long periods and serve as a means for the renewal of the disease. 

Lettuce tissue affected with grey mould almost invariably yields, in artificial culture, 
not only one or more strains of 5 . cinerea, but also one or more other fiingi, mainly those 
of the damping-off kind such as Pythium and Rhizoctonia (pp. 578, 660), together with 
Bremia lactucae (p. 651) the organism causing downy mildew of lettuce. It is pointed 
out that these organisms often contribute to the general effect of grey mould, if indeed, 



Fig. 312 — Grey mould of lettuce {Botrytts cmerea) 
(photo by Ogilvie, by permission of Long Ashton 
Res. Station) 
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they may not actually be the precursors to the more serious Botrytis. Grey mould 
appears, therefore, to be a congeries of infection in which, however, the Botrytis organism 
early becomes predominant though not always the first to attack. Two fairly distinctive 
strains, or groups of strains, of B. drier ea are recorded to be capable of causing grey 
mould of lettuce They are called ‘ A ’ and ‘ B The ‘ A ' group has a much greater 
capacity for forming sclerotia than the ‘ B ’ group, but ‘ B ’ produces conidia in much 
greater abundance than ‘ A \ The following are the dimensions of the conidia : ‘ A ’ — 
ovate-oblong, 6-o to 15*0 by 5*0 to 9*2^ (average, ii*i by 7*25 /x) ; ‘ B ’ — round, 5 0 to 
13-2 by 5*0 to lo-o /X (average, 9*7 by 8*o fx). They are borne on branched conidiophores 
forming dense, more or less apical tufts, grey or turning brown, each conidium being 
carried at the end of a minute sterigma. The sclerotia, of variable size, are club-shaped, 
dark-brown or black, about 6 mm. long, with a rough warty surface 

The fungus hibernates on the surface of the soil in the form of sclerotia, but 
may also quite possibly survive under the protection afforded in the frame, in 
the form of mycelium or conidia kept alive on lettuce debris from the previous 
season. When the sclerotia germinate they produce a coating of mycelium which 
soon gives rise to conidiophores and conidia. 

Infection of seedlings is believed to take place very early, soon after the seed- 
coats are carried up out of the soil during germination. Conidia lurking on the 
surface of the soil may possibly be picked up by the emerging seed coats, and are 
therefore close at hand for infection. The chief way of attack is through the open 
scars on the young stem, left after the fall of the cotyledons or first leaves, at the 
time when the plants are crowded together in a humid environment. As long 
as the seedlings are capable of retaining their cotyledons and first leaves intact long 
enough to carry them well above the soil, and become green, or if after the natural 
fall of these early leaves their scars are allowed to heal, the seedlings are tolerably 
safe from attack provided the young tender leaves do not make contact with 
diseased seedlings. Older leaves may become infected if, by drooping over, the 
tips or margins come to touch contaminated soil. In some cases, under crowded 
growth, there appears to be direct infection of the stem base from the soil, but this 
is due probably to actual contact of the tender stem with infected trash. Other 
leaf injuries, such as those caused by slugs, frost or sun scorch, may also invite 
infection. 

Notwithstanding the recognised fact that B, drier ea is a parasite of weak 
propensities, it kills the host tissues in advance of the actual extent of invasion. 
From a point of inoculation, say on the stem, discoloration extends for a consider- 
able distance above the point of penetration, and this may be present in the leaves 
and wilting take place without their occupation by the fungus at all. This shows 
that grey mould is a true vascular wilt which results from the toxic action of fungal 
secretions being carried up along the vascular system of the plant in advance 
of the limits of fungal invasion ^7). The same lethal effect is produced when 
moist, infected debris comes into contact with healthy plants, as in the case of 
direct stem infection cited above. 

The factors of the environment most favourable to the incidence of grey 
mould are a high degree of humidity and a low temperature. Under the com- 
paratively drier and warmer conditions existing over winter in the frame the 
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trouble is not serious, but when the plants are transferred to the open, the drop 
in temperature, the wetter and colder conditions in the soil, danger from frost 
and sudden thaw, all contribute to the progress of the disease, and plants but 
lightly attacked in the frame soon develop more serious symptoms of browning 
and decay in the open 

There are various kinds of lettuce which are comparatively resistant to this 
disease. The lax open type, such as the variety Trocadero, is more prone to the 
disease than the compact cabbago type. The varieties Lee's Immense, Hick's 
Hardy White, Bath's Black-seeded, Arctic King, Imperial, Winter White, and 
varieties of the Gotte group, are all satisfactory winter varieties, while Continuity 
and Trocadero are very susceptible. Early spring varieties recommended are 
May Queen, May King, and Feltham King 4a)^ 

For control of the disease in the frame some growers use a powder fungicide 
(‘ folosan ’) for light dusting, but the practice tends to check growth and the plants 
thereafter are more sensitive to frost. The powder may be worked into the soil to 
a depth of 2 in. at the rate of 1 oz. per square yard, or it may be sprinkled on the 
surface after sowing ^s). If the mould appears when the seedlings are very young 
they should be dusted very lightly, but older ones can stand dusting at intervals 
of 3 to 4 weeks, preferably when they are slightly moist, a final dusting being 
given before the plants are lifted. No dustings should be done during periods 
of severe frost. Soil treatment may be carried out about 10 days before planting, 
with a 2 per cent, solution of formalin, the surface of the soil being well saturated 
at the rate of i gallon per square yard 
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Damping-Off or Bottom Rot of Lettuce, Corticium {Rhizoctonia) 
solani (Prill. & Delacr.) Bourd. & Galz, 

‘ Damping-off ' and ‘ grey mould ' diseases of lettuce have much in common and, 
as above indicated (p. 658), the fungus Corticium {Rhizoctonia) solani., which is 
the cause of damping-off, is also associated with Botrytis cinerea in the symptoms 
presented by grey mould disease. Pythium sp. may also be implicated 

Damping-off is actually only the first phase of the disease affecting young 
seedlings in boxes or frames. Mature plants may also be attacked and the name 
‘ bottom rot ' applied to the disease in America is descriptive of the later stage 
when fully grown plants are destroyed at the base. In the United States it is 
held to be the most important disease of lettuce and has been extensively studied 
there, and losses of about 30 per cent, of the crop are quite common in New 
York State every year s, 6, 7)^ 
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Fig. 313. — Damping-ofF (Rhizoctonia solani) of lettuce on 
seedlings, on right (photo by Ogilvie, by permission 
of Long Ashton Res. Station) 


In the seed beds damping- 
off breaks out sporadically and 
entire patches of young plants 
may be ruined (Fig. 3 1 3). Later, 
they may fall prey to Botrytis 
and become covered with the 
characteristic grey fructifica- 
tions of that organism. Under 
conditions of high humidity the 
seedlings are attacked at or a 
little below soil-level, the stem 
becoming brown and constricted 
and young seedlings so affected 
fall over and die. The symp- 
toms of typical bottom rot are 
seen when the plants are mature. 

First signs appear on leaves in 
contact with the ground, in the form of small, rusty to chocolate-brown spots on 
the under side of the midrib. Infection extends along the midrib to the blade, 
and entire leaves may be destroyed, but the stem is more resistant. The outer 
leaves are the first to wilt and brown and the entire head eventually turns brown 
and slimy, but later dries out becoming almost black and mummified. In this 
condition the heads fall off owing to the complete disintegration of the stem at 
the base. 

Rhizoctonia solani, already described in this book in connection with ‘ black 
scurf ’ of potato (p. 524) and * damping-off ’ of sugar beet (p. 583), is a common 
inhabitant of the soil, and there are several races of the parasite. The race attacking 
lettuce has bigger sclerotia than the one infecting the potato. Sclerotia may be 
found embedded at the base of the petioles, and are more or less covered with a 
web of mycelium which is almost devoid of colour. On lettuce again, as on 
potato and sugar beet, the existence of Corticium, the perfect stage of the fungus, 
is rare. The sclerotia, on decay of lettuce heads, are liberated into the soil, and 
survive the winter if not too deeply buried. There is evidence, too, that the 
mycelium is capable of over- wintering in the soil 

New infections may arise from the germination of sclerotia, and perhaps also 
from the rejuvenescence of resting mycelium, in the soil. Sclerotia placed on 
the soil under mature plants in the greenhouse produced mycelium in twenty- 
four hours, and within a similar period lesions appeared on the petioles. The 
fungus may penetrate uninjured leaves through the cuticle, not merely through 
stomata, to develop an intercellular mycelium in both epidermal and mesophyll 
tissues. It further spreads over the surface of the leaf in many directions, forming 
appressoria-like clusters of hyphae from which new branches are developed for 
furthet penetrations. The mycelium develops mostly in the epidermis, but may 
also be found in the phloem and even in the xylem vessels. 

This disease is favoured by warm, moist weather. Infections in the green- 
house, at temperatures of 24° to 32° C., were more serious than at lower tempera- 

Y 
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tures of 16° to 24°C. the sclerotia do not germinate, and the disease is 
checked, at low temperatures. In the case of attacks on mature plants, air tempera- 
ture is more important than soil temperature, presumably because the attacks 
are made above ground. The reverse is the case during the early, damping-off 
phase of the disease, for the attacks are then directed at the parts of the seedling 
just below or at soil-level, and are favoured by comparatively low temperatures. 
Infections demand high degrees of atmospheric humidity and soil moisture. 
The trouble is aggravated in a heavily manured soil of high water-holding capacity, 
but the reaction of the soil appears to have little influence on it ^ 7 ). 

As so many crops are liable to attack from R. solaniy the usual rotations are 
attended with risk. Cultivation of lettuce in ridges helps to ward off the disease, 
thus ensuring better ventilation and soil drainage than when grown on flat ground. 
Good results are reported following treatment with the dust product ‘ folosan *, 
on the lines indicated for control of grey mould. A preparation known as ‘ Du Bay 
738 ’ (ethyl mercury phosphate) is also recommended for control of the ‘ bottom 
rot ’ condition It is applied before the disease is liable to appear, which is 
usually two weeks before the crop is mature, and is better done when the plants 
and soil are dry. The dust must be blown well under the plants and against the 
stem, covering the surface of the soil under each plant with a fine dusting of the 
powder. The chemical is poisonous, and protection of the face during operations 
is advised ; no harmful effects follow from eating the treated lettuce, but it is 
recommended that no dusting should be made 12 days before harvesting the 
crop 
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Lettuce Mosaic 

This virus disease of lettuce, frequently called ‘ rust ' by the growers, was 
first described in Florida and appears to have been recorded in England in 
1931 It occurs on both ‘ cos ' and ‘ cabbage ' varieties of lettuce, doing con- 
siderable damage, chiefly to winter plants ; it is not commonly found on greenhouse 
lettuce Weeds such as common groundsel and prickly sow-thistle have 

been found to harbour the virus, and both sweet peas and garden peas are sus- 
ceptible to the virus of lettuce mosaic 

On fully grown varieties of cabbage lettuce in the field the disease has a 
dwarfing effect, the plants are imperfectly hearted, and show a mottling or yellowing 
with a distortion and scorching of the leaves (Fig. 314). A clearing of the veins 
is a common feature in both young and old plants, this being usually the first 
sign of the trouble in varieties of cos lettuce. The discoloration on the leaves may 
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consist of an irregular pale 
blotching, or the leaf may turn 
yellow all over and become hard 
as if frosted. In some cases 
the leaf may present a blistered 
or ballooned appearance, and by 
developing an increased rough- 
ness around the margins the 
leaves look abnormally serrated. 

Brown necrotic spots which 
later develop on the leaves may 
be found either between or along 
the veins, and the leaf margins 
may also present a browned, 
scorched appearance. Vein 
necrosis does not commonly 
occur in cos lettuce, though 
these plants too develop a mar- 
ginal scorching of the leaf blades. 

Affected plants allowed to bolt 
are generally to be seen with 
somewhat shorter stems than is 
usual with bolted plants, and the 
leaves on these stems again show a pronounced mottling with sometimes necrosis, 
and in certain varieties of lettuce necrotic lesions may develop on the stem, bracts, 
and flowering buds, the latter frequently failing to open, and the yield of seed is 
often reduced. The above are the general symptoms of lettuce mosaic as they 
present themselves in the field, and differences due to various factors, such as 
varietal reaction, environmental conditions, the presence of other diseases on 
the host, unfavourable soil conditions, especially on outdoor winter lettuce, em- 
phasise the importance of making inoculation tests for a correct diagnosis of the 
trouble On winter varieties in the spring, mosaic is usually favoured by dry 
weather, a condition which seems to encourage the increase of aphides during 
the previous October and November when the plants were at the seedling stage 
Lettuce mosaic virus {Lactuca virus i Jagger) may be transmitted by seed 
and has been found in sowings of commercial seed at least three years old. It is 
spread by insects, Myzus persicae being the most important, but in certain parts 
of England Macrosiphum gei is the commonest vector, and M. sonchi is also said 
to be implicated s, 6, 8,) Plants inoculated in the glasshouse, either by 

mechanical means or by insects, develop the first symptoms in a week or a fort- 
night During the germination of affected seed, the cotyledons show no signs 
of disease but the seedlings are stunted and develop a mottling of the second or 
third and of the subsequent foliage leaves. The disease does not usually develop 
on seedlings which appear to be healthy at the fourth to the fifth leafing stage. 
Initial infections thus appear to come from infected seed, while aphides are 
responsible for the spread of the trouble 



Fig. 314. — Lettuce mosaic healthy plant. diseased 

C, £), leaves affected with the mosaic (photos b) 
McKay) 
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As already mentioned, marked varietal resistance to mosaic exists in the host 
plants. Observations at Long Ashton showed the varieties All the Year Round, 
Feltham King, May Queen, MacHattie’s Giant, and the Arctic types to be severely 
affected ; Exceller and Spring Beauty were little less affected ; Trocadero and Lee’s 
Immense did not react uniformly, while Stanstead Park and its related varieties 
Early Spring and Tremont Winter were highly resistant 

For the control of lettuce mosaic onl}^ virus-free seed should be sown. Young 
seedlings should be examined carefully for symptoms before transplanting, and 
in the field affected plants should be rogued out as soon as detected. Later 
plantings of winter lettuces, when aphides are scarce, are less likely to be severely 
affected than earlier plantings Infection in the field, spread by aphides, is 
difficult to control, especially if the susceptible weeds above mentioned are not 
eradicated. 
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Foot Rot and Damping-OfF of Tomato, Phytophthora cryptogea 
Pethybr. & Laff. ; and Phytophthora parasitica Dastur 

This disease of young tomato plants under glass was first discovered in 1913 
in Ireland and has since spread to various places in Britain and elsewhere 
The same disease affects diverse plants such as potato, turnip, mangel, swede, 
and a number of ornamental plants, e.g. aster, cineraria, petunia, wallflower, 
gilia, and also beech seedlings. 

The ‘ damping-off ’ phase of the disease occurs when the plants are young, 
in the boxes, and heavy losses are often incurred on young seedlings owing to 
early onset of the disease. Its action is very rapid, and collapse may follow within 
18 hours of infection. The ‘ foot rot ’ stage attacks the plants later when, despite 
a good start in the boxes, they develop the disease after potting up, or planting 
out in the houses. Foot rot becomes apparent when the plants are about 5 or 6 
inches high, and thereafter they appear to become more resistant. Early signs 
of the rot consist of a brown or black discoloration of the stem at, or just above, 
soil-level, shrinkage of the tissues in this region being followed by collapse of the 
shoot above the lesion, and though the leaves may remain green for a while, they 
later become rolled at the margins, turn yellow and die (Fig. 315). When affected 
plants are pulled up the discoloration at the base of the stem is seen to extend into 
the roots, but is not progressive above into the green shoot. The primary root 
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system suffers severely and is often rotted, and 
even adventitious roots which develop to replace 
the lost roots may also be attacked and the plant 
dies. 

Both phases of this disease are caused by two 
species of PhytophthorUy namely P. cryptogea and 
P. parasitica 

In a moist environment affected plants show the 
sporangiophores of P. cryptogea to be long and sym- 
podially branched and bearing inversely pear-shaped 
but often much-elongated spores. The latter are 
blunt, non-papillate, and measure from 24 to 50 by 
17 to 30 /X (average, 40 by 27 /x) The oogonia are 
terminal or lateral ; the antheridia are amphigynous ; 
the oospores are furnished with a wall about 3 /x m 
thickness, hyaline at first but later straw coloured ; 
they are about 25 /x in diameter ; the oospores have 
not been observed to germinate. Direct germination 
of the spores is not common and they function 
mostly as sporangia forming a number of zoospores 
within an extruded vesicle, and after escape of the 
zoospores new sporangia may arise by proliferation. 

P,parastticay besides playing a part m this disease, 
also affects the stem (see ‘ stem rot ' below) and 
causes a ‘ buck-eye * rot of tomato, affecting the 
unripe fruit and causing a brown discoloration at 
the top end It attacks seedlings and older leaves 
of the castor plant in India, and also a number of 
other plants. The sporangiophores are slender and 
unbranched, and measure from 35 to 500 /x (usually 
from 100 to 300 p) long ; the spores are single, 
terminal, colourless, ovoid or round, and measure 
from 25 to 50 by 20 to 40 /x ; they have a papillate 
lapex and germinate as sporangia to form zoospores, 
but old spores, or when not sown in water may often germinate direct. The germ- 
tubes may form a mycelium or give rise to secondary spores which again may either ger- 
minate direct or develop zoospores. Chlamydospores are also sometimes produced ; they 
are round, thick-walled, yellow, and measure from 20 to 60 p in diameter ; they retain 
their germinative capacity for many months after the sporangia and hyphae are dead ; they 
give out one or more germ-tubes which may form a mycelium, spores, or chlamydo- 
spores again. The oospores, found in culture, are round, colourless, and measure from 
13 to 24 /X (average, 18*6 p) in diameter, and are formed within oogonia, 15 to 27 /x wide, 
furnished with a thick yellow wall. Like the chlamydospores, it is probable that the 
oospores, if formed in nature, serve the purpose of carrying the parasite over from one 
crop to the next. 

Infection probably originates from the soil, but in what form the fungus 
survives in this medium is not known ; when tomato seeds were planted in soil 



Fig. 315 — Foot rot and damping-off 
of tomato {Phytophthora crypto- 
gea and Phytophthora parasitica). 
Top, the plant breaking at stem 
base. Below, left, affected stem ; 
right, healthy stem (photos by 
Foister & Noble*') 
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in which a diseased crop had grown, young seedlings showed infection as soon as 
they were about 2 inches high The disease starts in the roots and travels up 
for a short distance into the stem but does not enter the latter much higher than 
the level of the soil ; successful infection may also ensue if inoculation of the stem 
is made at soil-level. The tissues affected are those of the pith and cortex. The 
non-septate and branching mycelium is intercellular at first, but in the moribund 
tissues it also occupies the cells. In young seedlings hyphae may sometimes be 
seen in the wood vessels, but in older plants the xylem does not become invaded 
until the rotting is well advanced 

The optimum temperature of 25"" C. for the growth of P. cryptogea is lower 
than that for P. parasitica^ which is 36"^ C. Below 12^^ C. both grow slowly, and 
to check the disease the temperature of the glasshouse should be as low as possible 
without impairing growth of the crop. A relatively high percentage of soil and 
air moisture favours the spread of the disease 

As the trouble does not attack the shoot, cuttings may safely be struck from 
diseased plants and the remainder destroyed Since the disease is soil-borne, 
soil for raising seedlings should be treated with Cheshunt compound ^3, s) 
p. 242), and the young plants may be watered during growth with the same mixture, 
directed towards the roots. If signs of the disease reappear, affected plants should 
be removed immediately and the hole watered with one pint of the compound 
before inserting a new plant Another method of treatment consists of top- 
dressing with a mixture of 10 parts of lime and i part of copper sulphate, applied 
to the soil at the rate of | oz. of the mixture per square foot Soil sterilisation 
may also be effected by adding a mixture of 1 5 parts of formalin and 85 parts of 
sawdust, charcoal, or air-dried soil, at the rate of 4 to 5 parts per 1,000 parts of 
soil 
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Stem Rot of Tomato, Dtdymella ly coper sici Kleb. 

Stem rot, or canker of tomatoes, under glass and in the open has long been 
familiar to growers in Europe. In 1906 severe losses were witnessed in the Lea 
Valley district, and though the trouble abated for a while it appeared again in 
several English Counties <'3). a few other members of the tomato family, weed 
and cultivated, are liable to the same disease, but as the trouble is conveyed in 
soil, none of these hosts has so far been reported to carry infection to the tomato. 

It is not usual for this disease to attack very young seedlings (they did not 
become infected when sprayed with a spore suspension <’8>), and the first symptoms 
appear mostly about 4 weeks after planting out. There is some evidence, how- 
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ever, that the disease may be seed- 
borne Recently, too, in the West 
of England, seedlings in glasshouses 
bore evidence of cotyledonary infec- 
tion, picked up probably from the seed. 

Even when such seedlings perish, they 
remain on the soil to infect older 
plants On these, the first symp- 

toms occur on the main stem at soil- 
level (Fig. 316), and from primary 
infections set up in this region, occa- 
sionally below, the disease spreads 
secondarily to all parts of the shoot, in- 
cluding flowers and fruit, but the main 
stem is the part to suffer most. Just 
above soil-level small brown spots ap- 
pear and spread rapidly to form a dark- 
brown lesion which may girdle the base 
of the stem. Here the cortex rots away 
and, if scraped off, the woody tissues 
of the stem are seen to be stained brown 
for a few inches above the lesion ; wilt- 
ing and death of the shoot usually 
follow. Young plants may throw off 
infection if they produce new roots 
above the lesion, and may grow forward for a long time before finally wilting 
Later in the season secondary infections follow, and parts of the stem higher up, 
including leaves, leaf stalks, flower stalks, and sepals, become affected, apparently 
by air-borne spores Infection of the fruit may occur at any point, mostly 

at the stalk end, and the fruit falls off. Fruit infection followed by rot is more 
common on outdoor tomatoes and rarely occurs under glass. Experiments on 
outdoor tomatoes at Evesham have shown the existence of two strains of the stem 
rot organism. One of these which attacks only the fruits will not infect the stems 
of outdoor or glasshouse plants, but the strain attacking outdoor stems will also 
infect the stems of glasshouse plants Secondary infections .are caused by 

spores developed within pycnidia on old lesions, and which may be carried over 
the crop during watering, or by wind. On the leaves, under very damp condi- 
tions, small, grey, circular spots arise which may spread so as to destroy the entire 
leaf. The surface of the fruit may also become covered with a black crust laden 
with pycnidia 

Stem rot is caused by an Ascomycete Didymella lycopersici (Pyrenomycetes). (In 
1943, however, a few cases of stem rot in Hertfordshire and Hampshire were caused 
by the foot-rot fungus Phytophthora parasitica described above (p. 665) ; long, greyish- 
green lesions were found on the stems, the cortex and pith were affected, and the stems 
eventually became girdled<*7)). The pycnidia {Diplodina lycopersici, see p. 53) are commoner 
than the perithecia, and the latter have only been seen in Britain quite recently 



Fig. 316 — Stem rot of tomato {Didymella lyco- 
persici) A, showing lesion at soil-level ; 
splitting of the stem sometimes occurs in old 
lesions. By pycnidia on stem above ground 
(photos by Bewley) 
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Pycnidia occur numerously on stem lesions and on the fruit. On the former they are 
small and black ; on the fruit, pale brown at first, then black, exuding pycnospores in 
flesh-coloured tendrils ; they have also been found on the seeds but infected seeds 
rarely give rise to diseased plants, though occasionally a reduction in percentage germina- 
tion has been observed <*2), The pycnidia are scattered, or aggregated on raised spots, 
sub-epidermal, ostiolate, from 100 to 270 in diameter ; pycnospores are i- or 2-celled, 
sub-cylindrical, from 4*5 to 17 by 2*5 to 5 Perithecia have been found intermixed 

with pycnidia on tomato stems kept dry, or over-wintered in the open. They are sub- 
globose, dark brown ; asci are cylindrical, 70 by 95 by 9 to 10 /x, 8-spored ; ascospores 
are spindle-shaped, i-septate, hyaline, 16 to 18 by 5-5 to 6*5 /x In liquid cultures, 
with tomato juice, the fungus develops a dense mycelium, and from pycnospores sown 
on tomato agar mycelium and pycnidia are formed, but no perithecia The cardinal 

temperatures for mycelial growth are, minimum, 4° to 5°, optimum, 20°, and maximum, 
31*8'^ 

The fungus survives in decayed stems and leaves in the open for over 
twelve months, and infection may be contracted from soil in which diseased 
plants have grown. The fungus has been isolated from soil to a depth of 5 cm. 
and is capable of saprophytic existence An instance is known where the 

ploughing-in of infected debris was followed by almost complete loss of the crop 
on the same ground the following season ; and the fungus is known to live from 
year to year in cracks of supporting sticks crevices of boxes, wooden supports, 
on string, wire, etc. Infections are carried over from such contacts, but mainly 
from contaminated soil, and secondary infections are effected by pycnospores 
which may also be air-borne to glasshouses. Recent observations in England 
have shown that while pycnidia may be found on the upper part of a stem lesion, 
the perithecia were found below them and down to soil-level in the disintegrating 
cortical tissues. Moreover, the perithecia may occur at any time of the year ; 
their occurrence on the stem near to soil-level suggests that moisture supply and, 
possibly soil nutrients may be factors govefning their formation. 

Infection of the stem is possible through unwounded cuticle, or stomata. 
After dissolving the middle lamella the fungus kills the cells of the entered stem, 
early destroying the cortex, and in severe lesions penetrating as far as the woody 
tissues Inoculation of the fruit, green or red, is apparently successful only 

through wounds in the skin, such as would be caused by careless tying-up of the 
plants with bast or string, or when shoots or flowers are removed In- 

fection of the stem at soil-level is also more rapid after wounding than without, and 
infection can also be carried from one plant to another on the pruning knife 

Stem rot of tomato is greatly encouraged by a high degree of atmospheric 
humidity and comparatively low temperatures of 5° to 15"^ C., for above 22° C. 
resistance of the host is found to increase considerably. Infection is not so evident 
on light as on heavy soils, but soil texture seems not to affect the degree of fruit 
infection Seedlings in very acid soils are particularly liable to infection, 

and spore germination takes place over a range of /)H 4*3 to 7-4, and mycelial 
growth over 3-9 to 8'io, the optimum being at^H 5-23 

Since stem rot of tomato is carried in the soil some growers adopt the plan 
of sterilising the soil by heat or chemicals. Soil disinfection m^y be carried out 
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with carbon bisulphide, at a rate of 5 c.c. per square metre, to a depth of 10 cm., 
or uspulun dust spread at a rate of 50 gm. per square metre Experiments at 
Cheshunt 18-21) have shown, however, that soil sterilisation appears to have 
little control over this disease which recurred after sterilisation either with steam 
or chemicals. Air-borne spores of Z). ly coper sici, carried from tomato haulms left 
outside during the winter appear continually to reinfect the soil and may enter 
the glasshouses in this way, or in soil on the feet of workers, on knives, or by 
splashing when watering. The spores percolate to a depth of \ in. and even deeper 
if the soil has been steam sterilised. But good control was obtained when the soil 
was treated with ethyl mercuric phosphate (i gall, per sq. yd. of a i in 16,000 
solution) two days before planting. As the point of attack on the stem is at soil- 
level, sterilised soil or peat should be packed around the stem bases of the seed- 
lings some 14 days after planting Greenhouses and all supports for the 

plants should be treated with i per cent, formaldehyde and all infected debris 
burned. No varieties of tomatoes are, so far, known to be immune from this 
disease 
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Verticillium Wilt of Tomato, 

Verticillium albo-atrum Reinke & Berth, & V, dahliae Kleb. 

‘ Verticillium wilt ’ is common in Britain on tomatoes under glass. It occurs 
also in the Channel Islands in widespread localities in the United States and 
Canada in Holland New Zealand and in the cooler parts of 

Australia < 3 ). 

This disease usually makes its appearance early in the season, about the middle 
of April, increasing in severity up to the third week in May, and declining as the 

YZ 
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soil temperature rises, up to August, but may 
reappear as the plants die down ^ \ 

Encouraged by incorrect conditions of the 
soil, this disease attacks the roots and, by inter- 
fering with the water supply to the growing 
plants, induces a wilting of the shoots (Fig. 
317). Affected plants may, however, recover 
overnight when transpiration is reduced, but 
lose turgidity and wilt again during the morn- 
ing. Wilting of older plants starts with the 
lowermost leaves and proceeds upwards. The 
yellow spots which appear on the older leaves 
may become so numerous that entire leaves, 
yellowed and shrivelled, drop off. But some 
varieties of tomato, though showing consider- 
able wilting, may not show so much yellowing 
of the foliage as others. A diseased plant ex- 
hibits considerable browning and rotting of 
the roots at the tips, and if the plant is split 
in half from root to stem the brown discolora- 

Fig. 317.— Verticilhum wilt of tomato traced from the root to the base, 

{Verttalhum albo-atrum and Vertt- . ,, , , r 1 

Cilltum dahltae) (photo by Bewley) and sometimes all the way to the top of the 

stem The actual browning is present in the 
walls of the wood vessels and a brown gummy substance is frequently seen to line 
them inside, and in places to block some of them more or less completely. 

This disease is caused by Verticilhum albo-atrum and V, dahltae (Hyphomycetes). 
Considerable discussion has, however, arisen over the identity of these two fungi 5, 6, 
7, 8 , 9, 10, II, 13, 14, 15)^ some maintaining them to be distinct species, while others believe 
V. dahltae to be only a strain of F. albo-atrum. While there is some measure of agreement 
that the two differ in the type of resting body produced, F. albo-atrum developing a 
resting mycelium composed of dark, thick-walled septated hyphae, and F. dahltae^ better- 
organised bodies of the nature of microsclerotia, it has recently been reported that mono- 
sporic cultures of F. albo-atrum isolated in Minnesota developed a diversity of 
saltants, and both the dark resting mycelium associated with F. albo-atrum and the micro- 
sclerotia typical of F. dahltae were obtained from a monospore culture of the former. 
It is also asserted that the resting bodies of F. dahliae are really pseudosclerotia, as they 
result from the budding of a single hypha, becoming eventually dark, knob-like, thick- 
walled structures, and are not true sclerotia since they do not possess an intertwining 
system of hyphae and a cortex F. albo-atrum is said to be more pathogenic than 
F. dahliae^ from which it also differs in having a lower maximum temperature and a 
slower rate of growth on artificial media <*>. Eleven strains of the former and four of 
the latter have been isolated from tomatoes in England 

The fructifications appear chiefly on the surface of the stems at soil-level, and consist 
of small tufts of erect conidiophores which break through the epidermis. The conidio- 
phores are branched in characteristic fashion, forming i to 3 whorls of branches with i to 7 
branchlets in each whorl. The main conidiophore and the various branches bear termin- 
ally either single conidia or what appear to be spherical sporangia, but the latter are really 
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only dense aggregations of conidia held together in mucilage. These conidia are set 
free when the mucilage is dissolved in water. The conidia are continuous, rarely septate, 
hyaline, elliptical, and measure from 4 to 8*5 by 2 to 3-5 /x (average, 5*1 by 2-6 /x). In 
culture the septated mycelium, at first hyaline, later becomes dark brown and thick- 
walled, showing all gradations from slightly swollen, sparsely septate, to much swollen 
many septate hyphae, from 2 to 4*5 /x in diameter ; numerous chains of chlamydospores 
measuring from 5-5 to 7 by 6 to 8 /x, were also produced in old cultures of potato-dextrose 
agar 

The organisms are believed to over-winter in the soil or on host debris in 
the form of the dark, thick-walled resting mycelium, or microsclerotia as the case 
may be, and probably also as chlamydospores. The two fungi are also capable 
of saprophytic existence on organic matter or on remains of host plants in the 
soil ; and while conidia formed at the base of the dead plants may not survive 
through the winter, they readily germinate and, thriving upon the decayed debris, 
produce a resistant mycelium which is capable of living through the winter 
The conidia, carried in air currents or splashed up from diseased stems during 
watering, serve to start new infections during the season. 

Experiments have shown that VerticilHum is capable of penetrating the roots 
of young seedlings without previous injury but it is not clear that older plants 
can be entered at root or stem except through wounds. Inoculation into the hypo- 
cotyl, or into an internode of the stem, produces the symptoms of wilt much sooner 
than when the inoculum is placed in the soil The fungus penetrates the 
root or wounded stem as far as the stelar tissues, entering the wood vessels, as 
already stated, staining the lignified walls brown, and growing up into the vascular 
bundles of the stem for quite long distances. But the actual wilting is believed 
to be due not so much to the occlusion of the water channels by mycelium as to 
the secretion of a toxic substance by it which is carried up to the leaves in the 
transpiration stream, thus causing their wilting and death. 

Temperature plays an important part in the incidence and control of Verfi- 
cillium wilt. It is essentially a disease of moderately cool temperatures ; an 
average temperature of 20"" C. is favourable to its spread ; at 12-5° C. it is not 
so active, while a temperature of 25"" C. practically checks it, and no infection 
occurs at 30° C. The wilt may, therefore, be^ controlled if the temperature is 
raised to 25° C., but this temperature must be maintained for several days other- 
wise there is a set-back. Long exposures to this temperature are iruore lasting than 
short ones applied intermittently. Recent experiments at Cheshunt suggest that 
while V, dahliae is checked to some extent by the higher temperature and humidity, 
the results are not so decisive as in the case of F. albo-atrum ^*7). During such 
periods of higher temperature, affected plants may become re-established by 
virtue of the opportunity given to develop new adventitious roots at the base of 
the stem, and may thus grow into productive plants. 

The wilt occurs most commonly in soils which contain a large amount of 
organic matter, and is also prone to appear on clay loams, the reason in both 
cases being perhaps the greater retention of water around the roots under these 
conditions. Moreover, the cooling effect thereby produced favours the fungus, 
an effect which would not be so evident in a light porous soil 
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To check the disease, any plants showing early signs of wilt should be carefully 
dug up along with some of the soil around their roots, and the hole watered with 
a solution of Cheshunt compound (p. 242), before putting in a healthy plant, 
after which the soil around is watered again with the same solution. Older plants 
should be encouraged to develop new roots by earthing-up around the base and 
covering the soil with peat litter. As above stated, the disease in the greenhouse 
can be controlled by maintaining a temperature of about 25° C. (77° F.), or above, 
over several days, during which it is also advisable to give shade by a light applica- 
tion of whitewash to the glass. The soil must not be watered too freely but the 
foliage should be given a light watering As these fungi are soil inhabitants, 
treatment of the soil during winter by saturation with a 2*5 per cent, solution of 
formalin is also recommended 
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Tomato Leaf Mould, Cladosporium fulvum Cooke 

‘ Leaf mould ’ is the most serious disease that affects tomato plants under 
glass ; it is rather unusual to find it on outdoor crops. It was first described 
in 1883 by Cooke in England, from material which had been sent to him from 
South Carolina, and it is probable that the disease originally came from South 
America, the home of the tomato. It is essentially a disease of the foliage leaves 
though it is known in some countries to attack the flowers, and on rare occasions 
the fruit as well, but in England only a few cases of fruit infection are recorded. 
It occurs on no other host than the tomato, very few varieties of which are resistant 
to it. 

In this country there is usually little evidence of the mould in the glasshouse 
before April or May, though it has been known to break out as early as January 
on the cotyledons of plants just potted but in general the first outbreaks occur 
in June or July, on the fully expanded leaves, usually on those at the base of the 
plant. The upper leaves may remain quite clean right up to the end of the season, 
except in epidemic attacks when entire plants may be destroyed. To the casual 
observer the first symptoms consist of pale-yellow spots on the upper surface of 
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the leaves, but actually, on the 
under surface, below these dis- 
coloured spots the mildew organ- 
ism has already been at work, and 
on these areas there are tufts of 
mould, at first downy and light 
grey in colour, later changing to 
pale buff, and finally, as the spots 
enlarge, to a tawny brown colour 
(Fig. 318). Where the spots are 
advancing on the leaf tissues 
the margin remains downy white, 
while the brown, smooth, and 
velvety centre indicates that the 
spots are in active sporulation, 
the parts being densely covered 
with brown conidiophores laden 
with smooth hyaline conidia constituting the sole fructifications of the fungal 
organism causing this disease. 



Fig 318 — Leaf mould of tomato {Cladosporium fulvum) 
I'he spots on the leaves ; upper surface (left) ; under 
surface (right) (photo by Bewley) 


The causal organism is Cladosponum fulvum^ a member of the Hyphomycctes (Fungi 
Imperfecti). The conidiophores emerging through the stomata on the under surface of 
the leaf (Fig. 319), rarely the upper, are septated, with knee-like joints, olivaceous in 
qplour, producing terminally or subterminally a few hyaline or faintly brown conidia 
which vary considerably according to size, shape, and degree of septation. For the most 
part, conidia are i -septate and ellipsoid, slightly constricted, measuring from 10 to 20 by 
4 to 6 /X ; unicellular, and up to 4-celled conidia may also occur, especially in culture, 
even on the same conidiophore Germination may take place by one or two germ- 
tubes The conidia are highly granular and uninucleate ^*5)^ Sporulation is abundant 
within a range of temperature from 20° to 26° C., the optimum being about 22° C., the 
maximum, 31° to 33° C., and the minimum, 0° to 1° 


There is little doubt that the fungus can survive in the greenhouse from the 
time the old plants are cleared away to the planting of the next crop, in the form 
of conidia which lurk in the crevices of brick- and wood-work and on window 
sashes, as well as on soil left uncleared from the benches. Even the smallest bits 
of the dried, infected foliage left over winter in the greenhouse are sufficient to 
start fresh infections in the spring but there is, so far, no conclusive evidence 
that the fungus can subsist as a saproph)rte under natural conditions. In certain 
cases of fruit infection recorded in America, it is said that the mycelium in the 
diseased pulp, while in no case being capable of penetrating thlb embryo within 
the seed, may, however, collect in more or less dense masses within and upon the 
seed-coat, remaining on the seed and resisting desiccation for long periods. During 
the germination of such seed it was reported that the empty testa contained 
abundant conidia when the cotyledons had emerged and there was copious sporula- 
tion on both surfaces of the cotyledons. The planting of infected seed may in 
certain localities, therefore, set up primary infections, and thus supply sufficient 
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Fig 319 — Cladosponum fulvum Section of tomato leaf showing the thin hyphae chiefly in the 

intercellular spaces of the spongy mesophyll and the conducting parenchyma , long ‘ runner ’ 
hyphae pass between the cells of the palisade mesophyll The conidiophores emerge chiefly 
at the lower surface, few at the upper surface , sphaero- and needle- crystals are seen in the 
palisade tissue Left, various modes of development of the one- or two-celled conidia (from 
a slide by Macfarlane) 


conidia for dispersal by air currents and watering of the plants, to carry infections 
to other plants in the bed Others, who do not believe the disease to be seed- 
borne, suspect that cotyledonary infections may be brought about during germina- 
tion in contaminated soil There is abundant evidence that the spores are 
highly resistant to desiccation, chemical action, and the low temperatures of 
winter, and may survive these extreme conditions for several months 

The conidia germinate readily (under conditions specified below) if they settle 
on the under side of the expanded leaf. The germ-tubes, without development 
of appressona, enter the leaf through the stomata and long, straight runner hyphae 
are soon established in the spaces of the spongy mesophyll (Fig. 319). After 
coming into contact with the host cells in this region, especially with the con- 
ducting parenchyma investing the veins of the leaf, the fungus goes further afield 
into the intercellular spaces of the palisade mesophyll, and apparently is only 
able to thrive as long as the host cells remain alive Only after the death of 
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the cells does the fungus actually enter them, and the appearance of the yellow- 
coloured spots mentioned above as occurring on the upper surface of the leaves 
is associated with the death of the palisade cells situated above the sporulating 
areas. 

Infection of the flowers usually takes place through the sepals, but may also 
occur through the pedicel, receptacle, or the style, and it is noteworthy that all 
these parts are furnished with stomata. Whether the complete absence of stomata 
from the wall of the fruit makes it impossible for the fungus to attack it direct 
is not known but it appears that all attempts to inoculate the fruit through the 
skin have failed. Fruit infection which results in a blackening of the tissues, 
especially towards the stalk end, is believed to take place indirectly by way of 
the stomata of the sepals or pedicel, the fungus finding its way into the receptacle 
and finally into the fleshy placenta of the fruit, which in consequence turns black, 
and according to some, the blackening extends to the seeds as well In seed 
infection the mycelium within the blackened pulp of the placenta has been ob- 
served to pass into the funiculus and thence into the outer integument of the seed, 
but in other cases even the blackest of seeds from affected fruit have failed to show 
the presence of mycelium either inside or outside the testa In any case, the 
effect on the fruit is a mere internal blackening and there is never sporulation of 
the fungus on the fruit itself, but abundant spores may be found on the attendant 
sepals and flower stalk. 

In preparation for sporulation, the fungus aggregates in the sub-stomatal 
spaces of the leaf or other affected organ to form small stromata from which 
bunches of conidiophores pass out through the stomata to the exterior, and with 
the dissemination of the couidia by wind, secondary infections take place on a 
wide scale. 

Infection is greatly influenced by the interaction of numerous factors, amongst 
which high temperatures and excessive atmospheric humidities play the most 
important part in increasing the severity of the disease The optimum 

temperature for infection is about 22"^ C. (72° F.), and if humidity is as high as 
98 per cent, atmospheric saturation the disease in the greenhouse spreads apace ; 
at the same temperature but with the relative humidity down to 79 per cent, 
there is less disease, while at 65 per cent, there is hardly any, few spores being 
capable of germinating on the surface of the leaves at this relatively low degree 
of moisture, and at a humidity of 58 per cent, diseased spots may actually dry out ; 
at 95 per cent, atmospheric humidity the incubation period was found to be 
only 12 days, whereas at 50 per cent, it was 15 days But even if the weather 
during the summer months is hot and dry, warm humid conditions existing in 
the greenhouse at night are responsible for much disease, and this despite all 
attention given to the ventilation of the house during the day. In general, it 
would appear that the persistence of a humid condition during the summer nights 
when temperatures core high is the main factor encouraging spread of disease, and 
in the proper control of night humidity lies the best means of combating the trouble. 
The fact that the disease is favoured by high temperatures does not mean that 
infection may not occur during cool weather ; it is highly probable that infection 
is constantly taking place, but the prevalence of low temperatures retards or checks 
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the progress of the fungus within the plant. As soon as warmer conditions arrive, 
however, the fungus develops, sporulation is stimulated, and crops which to all 
appearances looked healthy may in a few days be ruined. Such quick changes 
of temperatures, from low to high, no doubt explain the rapidity with which the 
disease appears on seemingly healthy plants. 

As already mentioned, the plants are more prone to an attack during the night, 
their exposure to light having a retarding effect on the fungus, and spore germina- 
tion may actually be checked in strong light Under the conditions existing 

in a humid atmosphere, therefore, the environment presented by the expanded 
leaf, at its lower surface, appears to be ideal for infection of the plant, for here 
the stomata, far more numerous than they are on the upper surface, are moreover 
prevented from transpiring too freely by the presence of capitate glands on the 
lower epidermis, and, screened from direct light, the spores have all the conditions 
for successful attack. 

Extensive studies conducted by various authors have shown the exist- 

ence of several physiologic races of C. fulvum, exhibiting diversity in such cultural 
characters as growth rate, topography, colour, amount of sporulation, etc., and these 
differences arise whether the inoculum used consists of unicellular or multicellular 
conidia. It is important to note, however, that, in addition to variability of patho- 
genic powers possessed by genetically different races of the parasite, variations may 
also be observed when a pure line of the host is infected by a specified race of 
the parasite under variable conditions 

The tomato plant does not react to infection in the same way at all times of 
the year. It seems to have a winter reaction and a summer reaction to this disease, 
influenced possibly by the length of day and relative intensity of light during these 
seasons. A reduction in the amount of light falling on the plant, as in winter, 
is held to be largely responsible for the lack of expression of the genetic factor 
which controls resistance to the disease A remarkable feature, due possibly 
to the interaction of numerous factors which control the nutrition of the host, 
is that C. fulvum attacks its host with greater vigour when the plant is well nour- 
ished ; on starved, chlorotic plants the distribution of the fungus is restricted and 
appears to be confined mostly to the younger leaves, and sporulation on these 
anaemic plants is much less than on vigorous plants. 

In a series of experiments on host nutrition, infection was favoured when 
excessive quantities of all the usual minerals were given, as well as by increased 
nitrogen, and by a deficiency of potash. An alteration in the type of infection, 
shown by a variation in the colour of the mycelium, indicated that changes in the 
nutriment of the host altered not only the quantity, but also the quality of the food 
supplied to the fungus Experiments in Moscow showed that a toxin pro- 
duced by C. fulvum in culture affected the development of the seed embryo, 
and also poisoned the host cells and destroyed the chlorophyll 

Since the disease is favoured by high atmospheric humidity the best means 
of control is by ample ventilation of the greenhouse, especially at night. Some 
growers attain this object by maintaining a high night temperature when the 
ventilators are open, but this procedure is open to objection, since during warm, 
rainy periods it may not always be possible to maintain a sufficiently low degree 
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of relative humidity to prevent infection Watering the plants should be carried 
out in the early morning preferably on bright days, so that the ventilators can 
be kept open and thus ensure comparatively dry conditions at night. Houses 
specially erected for commercial growing should be planned with due regard to 
location and facilities for ample ventilation. Forcing the plants, especially when 
planted late in summer, should be avoided. Should the disease appear, it may 
be advisable to remove the leaves at the base, and the plants treated with fungicide. 
Treatment with finely divided sulphur dusted on to the leaves, directed particularly 
at the under surface, or applied by means of a vaporiser, is usually beneficial if 
applied in time, usually in early April, and repeated at intervals of 10 days until 
the end of June, but care must be taken to avoid scorching the leaves. Good 
control has been obtained by spraying with a fluid made with salicylanilide paste 
^ oz., and J oz. ‘ Agral I * or J oz. ‘ Agral N in a gallon of water, applied at 
the first signs of the disease, the operation being repeated 7 days later 
A utility programme, for combined attack on the fungus and red spider trouble, 
is the employment of petroleum oil emulsion, i gallon in 100 gallons of water, 
to which is added | oz. of colloidal copper for each gallon of the diluted 
emulsion After the plants have been cleared out of the house, thorough 

cleansing should be carried out, for which purpose various disinfectants are 
recommended, such as cresylic acid with soft soap or fumigation may be 
carried out with formaldehyde or sulphur dioxide 

Some varieties of tomato show considerable resistance to leaf-mould disease, 
e.g. Main Crop, Norduke, Satisfaction, and Up-to-Date ; the variety Giant Red 
is very susceptible. Most of these resistant forms, however, yield fruit of inferior 
quality In trials conducted at Cheshunt, the Canadian variety Vetomold 

(a hybrid between Potentate and the Red Currant Tomato, L. pimpinellifolium) 
proved resistant to C. fulvum ; it appears to do well where the soil is rich and 
open, and where warm, moist conditions can be provided but in some 

localities its resistance has apparently broken down, due, perhaps to the appearance 
of a new strain of the parasite ^^3)^ for two such strains are known to exist in Canada, 
Vetomold being immune from other strains There are good hopes that 

by hybridisation, especially of the highly resistant Solarium racemigerum and 
Solarium {Lycopersicum) pimpinellifolium with various types of the commercial 
tomato, new types of large fruit tomatoes completely resistant to leaf-mould 
disease will be developed The expressed sap of the resistant Solanum 

racemigerum is said to contain an anti-germination principle in which the spores 
of C. fulvum do not grow 
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Blossom End Rot of Tomato {non-parasitic) 

This disease of tomato fruits is a physiological disorder, believed to be caused 
by a derangement of the water balance between the leaves and the fruit during 
its development Though numerous bacteria and fungi have been isolated 
from the rotted fruits, these organisms are not the primary cause of the 
trouble s, 6 , 7)^ The disorder is particularly prevalent on the early crop in 
Britain and occurs every year in all areas where the tomato is grown. In 
West Australia it does considerable damage during hot dry periods ; in New 
Zealand and Tasmania ^^^Mt is a serious fruit rot both in the glasshouse and in 
the field. The considerable reductijyi in yield, due to the trouble, is said to be 
correlated not so much with the number of affected fruits produced by an individual 
plant, as to the different fruit-setting capacities of individual varieties 

On the earliest formed fruits, first symptoms of the trouble are seen at or 
near the blossom end of the young fruit. The part affected presents a water- 
soaked appearance and may be confined to quite a small area, or may extend so 
as to cover about half of the fruit. The affected area soon turns dark brown or 
even black, but does not usually extend much once the fruit has turned red, and 
the area finally remains as a flattened dark-coloured lesion at one end of the fruit 
(Fig. 320). The tissues below the affected part eventually collapse and may 
become invaded by numerous saprophytes, but the final condition is that of a 
hard leathery rot 

As the trouble is closely related to the water supply of the plant, it is obviously 
influenced by numerous factors. A plant endowed with a healthy root system, 
growing under equable conditions, in a soil sufficiently damp, is rarely subject 
to this disorder, but if the water supply is inadequate to meet the general require- 
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Fig. 320. — Blossom end rot of tomato, "rhe 
lesions at the top of the fruits, and fruit in 
section (photo by Foister & Noble) 


ments, there is a tendency for water to be 
withdrawn from the developing fruit, with 
the result that tissue changes take place at 
the blossom end which result in the symp- 
toms above described Plants receiving 
a moderate supply of water are less liable 
to the trouble than those lightly or ex- 
cessively watered. In the same way, a 
sudden check to the normal intake of 
water by the roots, especially of those of 
fast-growing plants, may also induce the 
trouble as may also a dry soil or a de- 
fective root system that is unable to cope 
with the requirements of the plant 

Experiments with tomato seedlings 
growing in culture solutions have shown 
the plants to be dependefit on abundant 
water supplies for rapid growth and fruit 
development. In such solutions of low 
concentration of the minerals growth was facilitated, but in those of high concen- 
tration growth was limited. No symptoms of blossom end rot were manifest in 
cultures of the lowest concentrations, but about 80 per cent, of the fruit suffered in 
the series of highest concentrations. Moreover, the trouble was evidently associated 
with wide fluctuations in the rate of transpiration, so that any factor seriously re- 
stricting the rate of absorption of water or effecting a rise of temperature will favour 
it In New Zealand, plants grown on a light sandy soil, especially on dry, gravelly 

ridges, suffered little when regularly irrigated, but when left for a period without 
water very heavy losses were experienced, and the more vigorously growing, sappy 
plants were the most susceptible to this disorder. The trouble appeared, too, when 
vigorous plants with well developed fruits were removed from a shaded to an un- 
shaded glasshouse, while it did not occur on si^lar plants left in the shaded house 

The disease is aggravated by excessive use of nitrogenous manures, for by 
the development of much top growth and greater demand on the root system, 
the supply of water to the leaves is rendered still more difficult ; increased 

application of phosphatic manures, on the other hand, tends to^ reduce the 
trouble It is asserted that unbalanced mineral nutrition is liable to cause 
the disorder by preventing the utilisation of the necessary amount of calcium for 
normal fruit production ; when the calcium in the fruit fell below 0-2 per cent., 
the rot followed 

The most obvious method of controlling blossom end rot is to maintain an 
equable environment, and especially to keep the soil uniformly moist This 
is particularly important when the fruit has begun to develop 
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Tomato Mosaic 

Mosaic, sometimes called mild or tobacco mosaic, is the best known of all virus 
diseases which attack the tomato plant. It has a wide range of hosts and is exten- 
sively distributed. The virus is so highly infectious to its susceptible hosts that 
it has probably been earned to the tomato crops in various countries in smokers' 
tobacco in which the infective principle remains viable over long periods. Though 
the commonest of virus diseases of tomatoes under glass, it is not so severe a malady 
as the yellow, so-called aucuba mosaic of tomatoes described below, but neverthe- 
less accounts for considerable reduction in yield, its adverse effects on fruit- 
setting being more severe when infections occur in the early spring than later 
in the season 

Symptoms of tomato mosaic differ somewhat according to the season (Fig. 321). 
Spring and early summer infections are familiar in the form of a mottling of the 

leaves, consisting of slightly raised dark- 
green areas, accompanied by some dis- 
tortion of the youngest foliage. Leaf 
deformity is more marked in the winter, 
a ‘ fern leaf effect being produced, while 
the development of anthocyanin in the 
stems of young plants often imparts a 
distinct purple colour to these parts, and 
there may also be some degree of stunt- 
ing. When infections occur in older 
plants, after they are about a foot or so 
high, the mottling effect shows only in 
the new foliage, the older leaves having 
remained healthy from the start 
There is no necrosis of stems or leaves, 
and while the fruit may appear quite 
normal, blemishes sometimes appear be- 
fore the fruit is ripe if infection happens 
to have been early, otherwise there is 
little evidence of disease on the ripe 
fruit. 
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Tomato mosaic is caused by one of the best known of all plant viruses, Nicotiana 
virus j, one of the numerous viruses which attack the tobacco plant. The following 
are listed as synonyms : Tobacco mosaic virus (Allard 1914) ; Tobacco calico virus 
(Clinton 1903) ; Tobacco mosaic virus (Clinton 1909) ; Ordinary mosaic virus 
(Johnson 1926) ; Tobacco green mosaic (McKinney 1926) ; Tobacco mosaic virus A 
(Fernow 1926) ; Tobacco true mosaic virus (Valleau & E. M. Johnson 1927) ; 
Tobacco severe mosaic type i virus (Johnson, E. M., 1930); Tobacco distorting 
mosaic virus (Duggar & B. Johnson, 1933); Ordinary field type tobacco mosaic 
virus (Kunkel, 1934) Ordinary or mild tomato mosaic virus (Ainsworth 1933) 

The virus of tomato mosaic is sap-transmissible and so infectious that mere 
contact of a leaf surface with a contaminated source is sufficient for transmission. 
So far as is known, unlike most of the virus diseases of plants discussed here, 
it is not spread through insect agency, though some do not preclude this possibility, 
but the virus is conveyed with the greatest of ease by the pruning knife or on the 
hands or clothing of workers. Even cigarettes and cured tobacco have been shown 
to carry the virus and the infective principle can be disseminated by smoking or 
chewing of contaminated tobacco The virus is known to be potent in dried 

plant remains for years, this being an undoubted source of spread in the soil. 
It is of the greatest importance, therefore, when working in the glasshouse to wash 
the hands frequently when handling new plants, and no contact should be made 
with infected tomatoes, for the merest snapping of an epidermal hair on a leaf will 
start infection. Where possible, all material suspected of infection should be 
placed in the care of one person. The apparent ease with which tobacco plants 
became infected by merely atomising the diluted virus (even as low a concentration 
as I in 100,000 was effective) on to the foliage, has suggested that infection might 
occur by the passage of the virus through the open stomata, but the mechanism 
of further penetration into the mesophyll from the sub-stomatal cavities has not 
been elucidated, and there is, as yet, no conclusive evidence of any connection 
between the size of the stomatal apertures and the incidence of infection 
However, it has been definitely shown that, following upon leaf inoculation, 
the virus travels right down to the roots, the path presumably being the phloem, 
the sieve plates in the walls of the cells no doubt assisting in the transmission 
(Fig. 174) After the virus has reached the roots it is probable that its spread 
upwards into the shoots is helped by the transpiration stream, for this process 
has been shown to be much more rapid in diseased than in healthy plants. More- 
over, a sharp drop in the rate of transpiration was found to coincide with the 
appearance of symptoms of tomato mosaic, followed by a gradual increase 
It has been observed that living tissues of tomato plants infected with this virus 
hold certain crystalline inclusions which remain unchanged for an indefinite 
period, and it is believed that a considerable proportion of the potent principle 
present in infected plants is actually contained in this crystalline material 

As already mentioned, the virus of tomato mosaic remains potent in infected 
debris from previous crops for years Seedlings planted in contaminated 

soil contract the disease if they are at all injured or damaged by rough handling 
and tying Apart from direct contact of injured plants, there does not appear 
to be much danger of spread from a few such injured specimens acting as foci of 
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infection for the rest of the crop. Such infected plants should, however, be re- 
moved as soon as detected in the glasshouse. The possibility of transmission 
of the virus by seed has lately received considerable attention. While it still 
remains, however, to be fully proven, the rising trend of opinion is that seed 
transmission does take place But in the first instance 

it is not clear how the seeds become infected, whether from mere superficial 
contact with the diseased pulp, or internally, with possible penetration into the 
embryo ; the virus is present in the seeds of green and ripened fruits of the infected 
plants There is evidence that seeds collected from mosaic-diseased plants 

may give rise to diseased or normal plants, and marked differences have been 
observed between varieties raised from infected seed, both in the dates of the 
first appearance of the symptoms and in the apparent rates of spread within these 
varieties. A point of great importance has recently been raised, in that the trans- 
mission of mosaic-inducing viruses in the tomato crop might be considered to be 
a delayed phenomenon, a feature which is probably related to differences in the 
resistance of plants raised from seed of different origin, and to the multiplication 
and systemic spread of the virus. Moreover, under certain circumstances associated 
with malnutrition or incomplete maturation of the seed, viruses may enter the 
seed embryo, so that there would appear to be strong probability that a delayed 
type of transmission may sometimes occur Furthermore, observations in 

Oregon in 1935 showed that the number of infected plants growing from seed 
saved from an infected crop, decreased with the age of the planted seed, seeds 
3 weeks old producing ii mosaic plants out of a total of 168, while those aged 9 
months produced only 5 diseased out of 677 plants, so that the tendency to 
transmit infection by seed appears to lessen with the age of the seed ^58) 
is obvious that, especially with breeding experiments for the search of varieties 
resistant to the disease, the possibility of transmission by seed should not be over- 
looked 

Various factors appear to influence the resistance of tomato plants to infection. 
Soil conditions controlling the effective functioning and development of the 
rooting system, texture of the soil, water supply, the adequacy and balance of 
mineral nutrients, are all important factors in this connection. Experiments on 
the variety Potentate, inoculated in the glasshouse with the virus of tomato mosaic, 
showed the symptoms to be delayed where growth was retarded by the application 
of lime and potash, and severe foliar mottle was confined to the most vigorous 
plants grown without addition of lime 

For the control of tomato mosaic in commercial nurseries, the use of virus- 
free seed from virus-free plants is essential. All tomato debris in and on the soil 
should be collected and burnt. Should early symptoms show in the seedling 
beds, affected plants together with those on each side of them should be rogued 
out ; it is of little use to rogue out older plants as the virus has probably already 
been transmitted Soil sterilisation with steam or formaldehyde has been 
found to reduce the risk of infection, but infection is apt to recur later in the life 
of the plants. A great deal can be done to avoid the spread of the trouble if careful 
attention is paid to cultivation so as to induce even growth, and the maintenance 
of the soil in a moist condition to prevent any check to growth Strict hygienic 
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observances, by avoidance of tobacco, and washing of the hands after pruning 
in each house, should go a long way towards the raising of healthy plants 


Tomato Spotted Wilt 


This virus disease of the tomato has an unusually wide range of hosts, in- 
cluding not only numerous members of the Solanaceae, e.g. tobacco, capsicum, 
datura, hyoscyamus, petunia, physalis, schizanthus and others, but of plants 
from such diverse orders as the Papaveraceae^ Leguminosaey Tropaeolaceae^ and 
Compositae Amongst the Compositae are well-known ornamentals such as 

aster, dahlia, chrysanthemum, zinnia, and cineraria. Though the disease is of 
comparatively recent appearance in Britain, it is undoubtedly on the increase 
in English nurseries, one reason, at least, being the ease with which tomato plants 
become infected in nurseries and glasshouses where susceptible ornamentals 
have harboured the virus over the winter. It has also been observed on tomato 
plants grown out-of-doors. The disease is widely distributed in those parts of 
the United States enjoying mild winters in France and in the coastal 

districts of New South Wales 


and New Zealand, where it is 
known as * stripe ’ or ‘ brown 
top ^ <36). 

Tomato plants may become 
infected by the virus of spotted 
wilt in the seed bed or after 
setting out, in various stages 
of early or late maturity. The 
rapidity with which the symp- 
toms appear depends on the 
growth rate, young plants being 
much more prone to infection 
than older ones. The symptoms 
are characteristic (Fig. 322), 
though reported to vary some- 
what owing, presumably, to 
climatic and environmental dif- 
ferences <28) Early symptoms 
on the young leaves consist of 
a thickening of the veins and 
the development of spots or 
concentric rings of a brown 
colour. A striking feature is a 
bronzing of the lamina. Then 
follows a downward curling of 
the leaves, accompanied by a 
decided check to growth. If 





Fig. 322. — Spotted wilt of tomato (photo by Bewley). 
Inset, the symptoms on the fruit (photo by Foister 
& Noble) 
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infection has occurred early in the life of the plant, the bronzing effect may change 
into a severe necrosis and the plant dies. In some cases, despite the check to 
growth, affected plants may recover somewhat if growth conditions are good, by 
making an appreciable amount of secondary growth. But a mottling and deformity 
of the foliage is still evident, the mottling consisting of small, angular, pale green 
spots, either few and scattered especially towards the tips of the leaflets, or very 
numerous and in places joining together to form indefinite yellowish-green areas 
accompanied again by leaf distortion. Bronzing of the lamina may also occur 
on the secondary growth, especially in the field. A mottling of the fruit of affected 
plants may also be observed, but is not common (Fig. 322 inset) ; sometimes 
mottled fruits may be harvested from plants showing no other definite symptoms, 
and diseased plants may be found bearing fruits that are not mottled. Blemishes 
on the fruit are of variable shape and character. They may consist of con- 
centric patterns, or pale areas of red or yellow, rarely white, or sometimes 
the fruit may be yellow all over except for a few specks of natural red still 
remaining 

The virus of tomato spotted wilt bears the following synonyms : Tomato 
spotted wilt (Samuel et aL 1930) ; 1 \S,W. (Pethybridge, Ainsworth et ah 1934) ; 
Tomato virus (Azevedo 1^2^, fide Costa & Forster 1941) ; Tomato virus i (J. Johnson 
classification) ; Ly coper sicum virus 3 (Smith) ; Lethum australiense var. typicum 
Holmes H \ Pineapple yellow spot virus (Illingworth 1931, Linford 1932); Pine^ 
apple side rot virus (Sideris 1927) ; Ananas virus i (K.M.S.) ; there are numerous 
strains or related viruses, e.g. Kromnek virus (Moore 1933). 

The virus is sap-transmissible, and useful indicator plants are Datura 
stramonium, Hyoscyamus niger, and Petunia hybrida, the lesions on the last named 
consisting of local circular spots with a reddish-brown margin around a paler 
centre. Infection with the virus permeates the entire tomato plant. Gentle 
rubbing of the inoculum (obtained in the juice expressed from leaves, stems, 
roots, and green fruits) on the healthy leaf (with a piece of muslin or a glass spatula 
dipped in the juice, merely so as to break the epidermal hairs, without injury 
to the mesophyll tissues) has proved sufficient to infect a young plant. The virus 
disappears from the ripe fruits, and since it has been proved to be so sensitive 
to heat and ageing, its absence is suggested to be due to chemical changes associated 
with ripening The virus is not seed-borne. It is transmitted by various 
insects, notably species of thrips, e.g. Franklinella insularis and Thrips tahaci. 
Experiments in Australia showed that adults of the vector, fed for 4 days on 
a spotted wilt diseased tomato plant, failed entirely to infect healthy tomato seed- 
lings on which they fed for 9 days. When, however, the progeny of these thrips 
(hatched in a breeding globe) were deposited as larvae to feed on a diseased plant, 
and transferred after they had emerged as adults to healthy tomato seedlings on 
which they fed for 7 days, all the experimental plants became infected with spotted 
wilt. That the virus of spotted wilt must first be picked up by the larva and not 
by the adult form of the vector shows that a peculiar relationship, as yet undeter- 
mined, seems to exist between vector and virus. 

The effects of the virus in the plant is to disorganise and reduce the efficiency 
of the photosynthetic apparatus. Chlorosis and necrosis appear to be pronounced 
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in plants receiving potassic and phosphoric fertilisers, when exposed to sunlight, 
these features following presumably as the result of oxidation processes culminating 
in the precipitation of phenolic compounds. In plants receiving nitrogen, how- 
ever, the necrotic symptoms were not apparent, the virus under this treatment 
tending to become systemic Further, experiments on Marglobe tomatoes 

in Australia showed the disease to be associated with a reduction in the dry weight, 
leaf development, and water content of affected plants Infection is heavier 
if temperatures have been somewhat higher for a few days prior to actual infection, 
and less if lower temperatures have prevailed for a similar period, but in general 
prevailing high temperatures appear to depress the rate of infection. The period 
of development of the disease is shortest of all in very young vigorous plants, the 
normal period of ‘ incubation ’ in a rapidly growing plant being about 12 days, 
increasing towards maturity of the plant 

As tomato spotted wilt has such a wide range of hosts amongst ornamental 
plants, tomatoes should not be raised in a house along with, say, chrysanthemums 
or arum lilies, both of which are highly susceptible to the virus, and even after 
the removal of these hosts, rigorous disinfection of the house should be undertaken 
in order to destroy lurking insect vectors. The control of the disease out-of-doors, 
however, is a much more difficult matter and hardly feasible. There are numerous 
reports of the efficacy of tartar emetic being employed as a spray on young plants 
in the cotyledonary stage of growth, the operation being repeated every week 
until the seedlings are ready for planting out ; in the early spraying the chemical 
is used at the rate of i oz., plus 4 oz. brown sugar, in 4 gallons of water, the 
amount of tartar emetic being doubled for the outdoor plantings ^^6) j others, 
however, have not observed any appreciable beneficial effects to follow upon this 
treatment 39). 

Affected plants should be rogued as soon as the symptoms can be detected. 
Tomato plants showing varietal differences in susceptibility to spotted wilt show 
these differences to a lesser degree when small and of rapid growth, but to a some- 
what greater extent when the plants are in fruit. There is some evidence that 
the red currant tomato variety Lycopersicum pimpinellifolium shows resistance to 
infection from the virus of tomato spotted wilt 


Tomato Streak 

This virus disease of the tomato (Fig. 323), also commonly referred to as 
‘ single virus streak ’ or ‘ glasshouse streak is frequently serious in commercial 
crops in Britain, where tomatoes are forced for the early market <52). it is also 
prevalent in Eire, widespread in Holland, and occurs in localised areas in the 
United States, Canada, and New Zealand 9 , 37. 60, 85). 

The symptoms are highly variable and at times are hardly to be distinguished 
from those of the ordinary mosaic of tomato (p. 680). This variability appears 
to be dependent on a variety of factors affecting the conditions of growth, such 
as those which are conducive to soft vigorous growth, or fairly high temperatures 
and relatively low light intensity, excessive application of nitrogenous fertilisers, 



686 


SELECTED DISEASES 


PT. II 


or excessive moisture, deficiency of potash, etc. Apparently under the influence 
of these changing conditions four types of symptoms are manifest (Fig. 323) : 

(a) Those resembling the symptoms of leaf mosaic only, that is, a mottling 
characteristic of the ordinary mosaic described above (p. 680). 

(b) Those with leaf mottling again, but accompanied by necrosis of the stem 
and petioles in the form of dark-coloured longitudinal streaks or stripes, 
the most serious phase. 

(r) Those showing only the latter features in (i), that is, necrosis of stem and 
petioles ; no mosaic symptoms. 

(d) Those showing, at first, symptoms of mosaic only, or necrosis only, but 
subsequently developing the other type of symptoms as well ^^2). 


The following synonyms are listed for this virus {Ly coper sicum virus i Bewley) : 
Tomato stripe, streak, or glasshouse virus (Jarrett 1930) ; Tomato streak vttus 
No, I (Ainsworth et aL 1934) ; Single virus streak (Ainsworth, Berkeley, Cald- 
well 1934) ; Tomato virus 4 (J. Johnson classification) ; Severe mottle streak 
virus (Selman 1941); Mild-mottle streak virus (Selman 1941); Tomato streak 
virus, yellow and green strains (K.M.S. 1935) ; Tomato streak virus i Ontario 
strain (Berkeley 1936). The virus appears to include a number of strains 

Owing to the close similarity of the 



Fig. 323. — ^I'omato streak (photo by McKay) 


symptoms of ‘ streak ' with those of 
the tomato (tobacco) mosaic, and in 
view of the fact that the physical pro- 
perties of the two viruses are practically 
identical, the virus of ‘ streak * disease 
is believed to be a strain of the tobacco 
mosaic virus 

The virus of tomato streak is sap- 
transmissible and although the means 
of spread is not fully known, the vector 
Macrosiphum gei is said to carry the 
greatest amount of infection, with 
Myzus persicae and M, pseudosolani to 
a lesser degree, in America The 
virus is more active and remains viru- 
lent for a longer period in heavy clay 
and humus, and least in sandy soils. 
Much infection is believed to take 
place through the medium of the soil 
in nature, especially soon after plant- 
ing, and young seedlings may fall early 
prey when their young leaves come 
into contact with the soil, but the arti- 
ficial introduction of the virus into the 
roots appears to be attended with diffi- 
culty <85), In a feiV trials transmission 
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by seed has been effected, in one case to the extent of about i per cent., and 
in another to 66-6 per cent, infection. 

Another virus affection of the tomato, closely resembling ‘ streak \ known as 
‘ mixed virus streak \ is, as the name implies, a composite disease caused by two 
distinct viruses. The two components are those of the ordinary tomato (tobacco) 
mosaic and potato mosaic (virus X), The disease may be found in tomato crops 
which are grown near to or which follow potatoes. As it is the result of a mixed 
infection with these two viruses, a passage of the mixture through tobacco filters 
out the tobacco strain virus from the mixture The symptoms of mixed virus 
streak are identical with those of streak, except on the fruit, those of the mixed 
virus on the latter causing small, slightly raised brown spots on the skin, while 
those of streak are distinguished by the spots being larger and sunken. 

For the control of these diseases, all hygienic practices as already indicated 
for other tomato diseases in the glasshouse should be observed, and no seed should 
be saved from affected plants. To counteract soft growth, a balanced manurial 
treatment is recommended. Infection from mixed virus streak will be lessened 
if the tomato crop is planted away from potatoes, and all ‘ ground ' tubers should 
be cleared out of the soil 


Tomato Yellow Mosaic 

Aucuba mosaic of the tomato, preferably called yellow or severe mosaic (as the 
term ‘ aucuba ’ is already in use with one of the virus diseases of the potato), is 
common in Britain where it sometimes accounts for severe losses. It is also recorded 


in Eire, Denmark, Holland, Australia, 
and New Zealand "*5, 38, 61, 73, 74, 78) 
Diagnostic symptoms of yellow 
mosaic, in general, bear close resem- 
blance to those of ordinary mosaic de- 
scribed above (p. 680), and indeed the 
disease is caused by a strain of the same 
virus ^55), But the symptom-picture of 
yellow mosaic is much more brilliant and 
striking than that of ordinary mosaic ; 
the white areas are more intensely white, 
the green areas more vividly contrasted, 
and there is usually a sharper delimita- 
tion between the two ^74), 

Yellow mosaic does not usually 
destroy its host, and fruit formation 
is not inhibited. There is a decided 
check to groAvth as compared with 
normal plants of the same age, and 
affected plants tend to develop in a 
Spindly manner (Fig. 324). The fruit 


<! r ^ 



Fig. 324. — ^Tomato yellow (aucuba) mosaic 
(photo by McKay) 
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may or may not be mottled, though silvered areas may sometimes be present 
on the skin The general symptoms vary somewhat according to the 

variety, and under fluctuating conditions of the environment, especially of tem- 
perature and light intensity. Observations on inoculated plants have shown 
that first symptoms appear on the very young, developing leaves of the shoot, 
about the fifth day after inoculation, the plants then showing only three leaves 
large enough for inoculation. These early symptoms consist of a downward 
curling of the entire leaf, with a slight turning-down of the margins, and the surface 
is rough and wrinkled, but as yet, with no signs of chlorosis. The latter begins 
to appear on the seventh or eighth day, in the form of small spots on the curled 
leaves, sometimes at the base, more normally at the tips and margins of the 
leaflets. Later, the spots increase in number over the whole surface of the leaf 
and tend to join together. By about the twelfth or thirteenth day when six or 
more leaves have appeared, the symptoms differ in the different leaves. The 
original three leaves may still show no chlorosis, or only a slight yellowing of the 
veins ; the youngest leaf may also be quite green. But the leaves which developed 
after inoculation, the fourth, fifth, and sixth, are extensively affected. In extreme 
cases almost the whole surface is pale-yellow to white, with, here and there, small 
islets of intense dark green, resembling small blisters. In less extreme cases 
the green areas are larger, but as a rule the area of white or pale-yellow is greater 
than the green area. The three original leaves show the disease in its most extreme 
form ; the younger leaves at this time show only scattered patches of white or 
yellow, frequently angular or triangular at vein intersections. WJlien the first 
flowers are in bud, a typical leaf will show most of the surface green, partly 
of normal tint and partly of a deeper and richer shade, but scattered over the leaf 
are patches of white, and others of yellow, usually sharply delimited, but some- 
times shading into neighbouring areas. At other times the patches are irregular 
in shape and size, often angular, and occurring in all parts of the leaf. There is 
no necrosis and bronzing does not occur ^74), 

Synonyms for this virus {Nicotiana virus ic Bewley) are : Tobacco virus 6 
J. Johnson fide Ainsworth et al. 1934 ; Tomato yellow mosaic virus (Ainsworth 
et aL 1934 J Tomato aucuba mosaic virus (Bewley 1923, J. H. Smith 1928) ^^7)^ 
The virus is spread in the same way as that of mild mosaic ; it is not known to 
what extent, if any, insects may transmit the virus Both the viruses of mild 
mosaic and yellow mosaic have been ‘ cultured ’ in excised root tips of tomato. 
While the infected roots showed no external symptoms of disease, the virus was 
strongly retained within the tissues and did not escape into the medium, nor was 
it possible to transmit infection into healthy roots by contact with diseased roots 
There is abundant evidence that mottling develops only in leaves which were 
young at the time of infection, and while older leaves may show a certain amount 
of yellowing, due possibly to senescence of plastids in the discoloured areas, 
experiments "Jtave shown that the distinctive mottling of yellow mosaic never 
appears in fully developed leaves at the time of inoculation. An examination of 
the cells of the mosaic areas in young leaves revealed them to be practically devoid 
of chloroplasts, and as the mottling is present only in those leaves which were in 
active growth at the time of infection, it is believed that the virus is responsible 
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not so much for the actual destruction of chloroplasts already mature, of which 
there was little or no evidence, as for the inhibition to the full development of 
plastids from their primordia ^^2). That the presence of the virus in the young 
tissues prevents the plastid-primordia (preplastids) from attaining their full 
expression is no doubt one reason why young seedlings lose weight ; experiments 
have shown that the dry weight of infected seedlings was estimated at 7 to 8 per 
cent., while, following inoculation when they were in their fifth normal leaf, it 
was about 10 to 12 per cent., that of control seedlings being 14 to 15 per cent. : 
moreover, the content of carbohydrate in these experiments was in the proportion 
of 1*1, 1*3, and i*6 per cent, respectively, the nitrogen content being not materially 
affected During the metabolic processes in leaves affected with yellow 

mosaic there appears to be a lag in the conversion of reducing into non-reducing 
sugars, and while the mean concentration of reducing sugars in healthy and diseased 
leaves showed little difference, the amount of non-reducing sugars was much 
greater in the former 

The presence of the virus of yellow mosaic in the plant also affects the normal 
differentiation between palisade and spongy cells in the leaf mesophyll. In fact 
the differentiation tends to disappear, the palisade cells becoming shorter than the 
normal, and with the reduction of the intercellular spaces in the spongy mesophyll 
all the cells tend to be alike ^^2). The virus is much more abundant in the chlorotic 
spots than in the green areas of the mottled young leaves, which seems to indicate 
that the multiplication of the virus is not uniform throughout the tissues of the 
host 32)^ Moreover, the cells of the yellowed spots often seem to contain more 
than the normal amount of cytoplasm, and while in the healthy leaf the plastids 
may occasionally show a tendency to swell, this has been found to increase in 
diseased plants, the plastids becoming so swollen with starch as actually to fill 
the cell. As in the case of tomato plants infected with the virus of mild mosaic, 
various types of so-called ‘ inclusion bodies ’ have also been found in connection 
with the virus of yellow mosaic, and are believed to be of a protein nature. As 
many as four different types of inclusion bodies have been detected in the leaf 
hairs of young tomato plants infected with the virus of yellow mosaic, but all 
were found to be fundamentally identical They are, however, not confined 
to the chlorotic areas of the leaf, being formed in both green and yellowed tissues ; 
they do not appear to be developed until after the plastids have been organised. 
Briefly, the effect of the virus in the young host cell is to check its growth and upset 
the normal development of plastid primordia. If plastid formation is not inhibited 
at an early stage, normal development is proceeded with, and the now organised 
plastids will persist even if the virus reaches them later ^^2). 

For the control of yellow mosaic, the same precautions should be obser\"ed 
as outlined above for mild mosaic. 
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Downy Mildew of Spinach, Peronospora ejfusa (Grev. ex Desm.) Rabenh. 

Dovv^ny mildew of spinach is everywhere common and was first discovered in 
England in 1824 It also occurs in the United States Sown in winter 

and spring, spinach in some localities is cultivated as a green crop all the year 
round, and, since infection is possible at any time, losses from mildew are often 
very high, and entire crops may be lost within a few days. 

Early signs of mildew occur on the outer leaves as pale-yellow spots of irregular 
shape increasing in area in wet weather, while isolated spots appear on the heart 
leaves (Fig. 325). Under damp conditions the discoloured areas soon develop 
the downy-white, later, greyish-purple conidial fructifications of the fungus 
Peronospora ejfusa causing this disease. While these may be found chiefly 

on the under side of the leaf, the upper side may also bear them if the weather 
is continuously wet. The petioles may also be yellowed and shortened and the 
plants in general have a stunted, wilted 
appearance. 

This obligate parasite attacks no other 
plant, and recent evidence has shown that 
the once suspected Chenopodiutn album is 
not a carrier host for P. ejfusa attacking 
spinach The non-septate mycelium 
branches profusely between the mesophyll 
cells of the leaves and the parenchyma of 
petioles and stems but does not occupy the 
vascular bundles ; there is no systemic 
invasion of the seed-bearing branches 
The conidiophores (Fig. 326), at first 
white, later greyish purple, 200 to 300 /i 
long, emerge from the leaves through the 
stomata singly or in fascicles, branching 
two or three times from the main stalk 



Fig. 325 . — Mildew of spinach {Peronospora effusa) . 
A young plant severely infected with mildew 
(photo by Richards, Cornell Univ, Ext. 
Bull. 718) 
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before they dichotomise to form a number 
of sharp-pointed sterigmata bearing ovoid 
conidia 17*0 to 26*0 by 22*0 to 38*o/x (average, 
20*6 by 29*9/x). The oogonia, in living leaves, 
are spherical, 40*0 to 55-5 /x in diameter ; 
the antheridia are clavate. The oospores 
are spherical, thick- walled, deep yellow, 35*7 
to 42*5 /x (average, 36-8 /x in diameter) ; 
they are infrequent or absent in some local- 
ities ( 7 ' 8' and their role in nature has not 
been ascertained. 

The mycelium of P. effusa has been 
found on and within the seed The 

oospores have also been discovered on 
commercial samples of seed and there 
is some evidence that the disease is 
transmitted by seed, but nothing is known 
about the method of seed infection. The 
disease is not carried in the soil. The 
most likely source of carry-over is from 
mycelium hibernating in host tissues, and 
diseased spinach plants may be found 
practically all the year round 
In plants infected in the autumn, the 
fungus which had survived in the leaves over winter revives in the spring to 
produce abundant conidia, and secondary attacks follow. Leaf penetration by 
germinating conidia is direct, between epidermal cells Both sides of a leaf 

may be entered, and older leaves are apparently more susceptible than those near 
the top, presumably because they are surrounded by more humid conditions. 
The optimum temperature for the germination of conidia is from 8° to 10° C., 
the minimum 2°, and the maximum between and 30*^ C. 

Downy mildew of spinach occurs over a wide range of temperature if atmo- 
spheric humidity is 85 per cent, or more. Acid soil conditions and high temperatures 
aggravate the disease 

Little is known about the fate of the oospores of P. effusa. Their possible 
hibernation in the soil indicates the advisability of observing crop rotation as one 
means of controlling this disease, but no evidence is to hand as to the longevity 
of the oospores in the soil. If spinach is cultivated all round the year, winter and 
spring plantings should be grown apart. All infected plants should be lifted and 
burned and affected leaves should be removed as soon as they show signs of infec- 
tion No commercial varieties of spinach are known so far to be resistant to 
this mildew 



Fig. 326. — Per onospor a effusa. conidiophore 

and conidia. formation of conidium. C, 
conidia and their germination. D, leaf 
tissue showing wide mycelium and narrow 
haustoria. E, the mycelium. F, oospore 
within the oogonium (after Richards, 
Cornell Univ. Ext. Bull. 718) 


1. Bisby, G. R., and Conners, J. L. ; 1928. Sd, Agric. viii, 456. 

2. Cook» H. T. : 1933. Phytopath, xxiii, 7. 

3. — 1935 * Ibid,xxVfii, 

4 — 1937. BuU, Va, Truck, Exp, Stn, 96, 1491. 

5. — 1937. Proc* Assoc, Off, Seed Anal, N. Amer. 1937, 105. 



CH. XIV 


VEGETABLES 


693 


6. Denaiffe, — : 1922. J* Soc. Nat, Hort, de France^ xxiii, 38. 

7. Eriksson^ J. : 1918. Lauh, Ark, f, Bot, xv, i, 

8. — 1920. Rev. Gen. Bot. xxxii, 552. 

8 a. Ferraris, T. : 1928. Curiamo le Piantet vii, 187. 

9. Greville, R. K. : 1824. Flora Edin. p. 468. 

10. Halsted, B. D. : 1890. New Jers. Agric. Coll. Exp. Stn. Bull. 718. 

11. Hiura, M. : 1929. Agric. & Hort. iv, 10. 

12. Laubert, R. : 1906. GartenflorOf Iv, 435. 

13. Lanza, M. : 1929. La Difesa d. Piante, vi, 7. 

14. Leach, L. D., and Borthwick, H. A. : 1934. Phytopath, xxiv, 1021. 

15. Rabenhorst, L. : 1854. Bot. Ztg. xii, 185. 

16. Richards, M. C. : 1939. Cornell Univ. Agric. Exp. Stn. Bull. 718. 


Downy Mildew of Onion, Peronospora destructor (Berk.) Casp. 

Downy mildew attacks every variety of onion and occurs also on shallots, 
garlic, and occasionally leeks. First recorded in England by Berkeley ^^Mn 1841, 
and in America in 1884 the disease received its first scientific investigation 
in 1887 at the hands of the zoologist Shipley who was sent to Bermuda by 
the Kew authorities to enquire into a serious epidemic of the onion attributed at 
the time to an insect pest but proved by him to be the work of the fungus Perono- 
spora destructor 22, 23)^ 

The host plant may be attacked at all stages of growth ; seedlings in the 
frames may succumb early, and when older plants are attacked in the open about 
July and August the withering of the foliage prevents the normal development 
of the bulbs, which remain small and deformed. The bulbs keep badly, turn 
soft in storage, and sprout prematurely It is not easy to recognise lightly 

infected bulbs in storage or at transplanting, but the outer scales and sometimes 
the living scales next to them are frequently rough or puckered, and show watery, 
or brownish, or amber-coloured spots on the surface. The inner scales may not 
show any of these signs externally yet they are often found to harbour mycelium. 
Bulbs lightly infected may show no ill effects at all, and it is evident that they can 
tolerate infection for a long time without loss of turgor. 

Briefly, the cycle of onion mildew in Britain may be taken to start on autumn- 
sown plants which become infected from wind-borne spores conveyed from a 
near-by diseased summer crop. Fresh infections of healthy plants begin on the 
leaves, from which they quickly spread into the other organs. Ali parts of the 
plant except the roots may be invaded The fungus may occupy the stem 

(Fig. 329), bulb scales, leaves, all the floral organs, and floral receptacle 
its occurrence in the seed has been recorded only in very few instances, and there 
is no definite evidence that the seeds serve as carriers of infection. The mycelium 
remains dormant in the bulb until the spring when it revives again, growing up 
from the bulb into the developing leaves and finally sending out its conidiophores 
and spores through the stomata into the air for further dissemination of the disease 
to healthy plants. 

The disease may, therefore, be described in two stages : (a) the primary, when 
an infected bulb is planted ; and (b) the secondary, when a healthy plant, in leaf, 
becomes infected from spores produced by the primary stage. 

z 
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Primary Stage 

The appearance of the foliage leaves which grow from bulbs already infected 
with the hibernating mycelium is very characteristic. One or more of the leaves, 
or even the whole plant, appears yellow and glazed, as if varnished ; all parts of 
the plant are, however, quite turgid, and there are no signs of any collapse of the 
tissues despite the presence of abundant mycelium within. The leaves may be 
packed with mycelium and yet show no external sporulation as long as the atmo- 
sphere remains dry. But in a moist environment infected leaves gradually collapse 
and wither from the tips down. Meanwhile the fungus in the leaves breaks out 
to sporulate (Fig. 327 a) and the conidiophores are pushed out through the stomata, 
laden with numerous conidia which are dispersed by wind to start secondary 
infections. Thus the planting of affected bulbs is, no doubt, the chief means 
whereby onion mildew is spread. The fungus keeps pace with the growth of the 
shoot, entering the leaves, the inflorescence axis, flower stalks, and in fact any 
part of the flower. Infections of the flowering stem, or of pedicels, may be so severe 
as to completely girdle them with lesions, causing the blossom to collapse before 
setting seed, and accounting for considerable reduction in yield of seed It 
is, however, rather unusual for the flowering shoots to become so infected as to 



Fig. 327. — Downy mildew of onion {Peronospora 
destructor), the plant covered with Consdial 
fructifications. By oospores in the leaf tissue 
(>«4S) (photo by McKay, J, Roy, Hart, 
Soc,) 
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Fig. 328 . — Peronospora destructor. A, 
oospore within oogonium. B, ger- 
mination of a thin'^walled oospore 
(both X 450) (photos by McKay, 
y. R^, fiart. Soc.) 
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interfere with the normal development of the seed, but in certain areas in England 
the mildew is troublesome on the seed crop There is evidence that the 

fungus may enter not only the wall of the ovary but the ovules as well and may, 
therefore, become established in the seed ^5. 20)^ many have failed to confirm 
the presence of the parasite in the seeds Though the young embryo 

may not actually become invaded, it is not improbable that seedlings might 
sometimes get infected during the early stages of germination ; it is a common 
observation that onion seedlings often retain the seed coat attached to the 
suctorial cotyledon for a long time, and may thus pick up infection from the 
testa ^5). 

Secondary Stage 

In a series of experiments conducted on seedling onions of the Ailsa Craig 
variety, from the time of depositing the conidia on the leaves, the first discoloured 
spots denoting successful infections appeared in about 14 days. Penetration by 
the conidial germ-tube is always stomatal. First signs of disease consist of light- 
coloured spots on the leaves, later turning yellow and then white, at which time 
they are somewhat sunken from collapse of the tissues. If wet conditions prevail 
the spots increase in size and number, and the green foliage develops a white, 
flecked or streaky appearance. The affected leaves finally lose turgidity, collapse 
and shrivel, becoming very thin and grey. The mildew then breaks out at the 
affected spots to form a purplish growth, the coloration being present both in the 
conidia and conidiophores In about 23 days from the time of initial infection, 
the fungus, travelling quickly between the cells of the leaf, chiefly downwards 
from the point of infection, reaches the tissues of the bulb. In the bulb the fungus 
collects mainly towards the upper surface of the short stem from which it invades 
the developing leaves, and may even enter the delicate leaf-primordia at the 
centre 14), There is no clear evidence that the fungus can bridge across from 
one scale leaf to another in the bulb, and all attempts to set up infection by external 
inoculations of the bulbs have failed The intercellular hyphae are entirely 
without cross walls and vary considerably in width according to the spaces in 
which they are confined. Haustoria are formed in abundance, and consist chiefly of 
simple, narrow tubes, but sometimes branched specimens also occur (Fig. 329 c, d). 
This is the condition of the fungus in the bulbs at the time of lifting, and as far 
as the alternation of primary and secondiry infections usually go, the cycle of 
infection is complete, but there is still to discuss the sexual phase of the fungus 
and the possible role of the resting spores. 

The conidiophores of P. destructor consist of stout unbranched tubes which, however, 
soon divide into four or more outspreading branches, the final numerous ramifications 
terminating in a pair of short sterigmata each bearing a lemon-shaped conidium. The 
conidia range from 43*5 to 69*0 by 22*5 to 30 (Fig. 329 f, j) <* 3 ), Conidial production 
occurs on an immense scale, and it is stated that, after wiping off these spores from the 
stirfaee of a leaf, as many as three times as they were renewed, new crops of conidia were 
regenerated within 48 hours. But their viability is very brief, and they hardly survive 
reinoyd from the leaf unless collected early in the morning before the dew has dried ; 

in diy air, light appears to kill them, but they can withstand exposure of several hours 




Fig. 329. — Peronospora destructor. A, diagram showing distribution of the fungus (heavy line) in 
a seedling onion, 23 days after infection. B, mycelium in meristematic tissue of the root-stock 
( X 170). C, mycelium growing up from root-stock into base of young leaf ; note haustoria 
( X 170). B, a trifurcate haustorium, from leaf. B, invasion of leaf mesophyll prior to forma- 
tion of conidiophores ( x 104). F, conidiophore ( x 102). G, if, development of conidia ( x 170). 

conidia ( x 170). FT, germination of a iconidium in soil-extract ( x 170). L, development of 
oogonia and antheridia ; top right, oogonium containing an oospore ( x 170) (after Murphy & 
McKay, Sci. Proc. Roy. DiA. Soc.) 
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to bright sunshine provided the air is not too dry or too warm. With favourable 
conditions of humidity, conidia may continue to be formed on the host over a range of 
temperature from 13° to 18° C. ; at 10° and 20° production is not plentiful, and below 
6° or above 25"^ C. they are very sparsely developed ; the optimum temperature for 
their germination is about 10° C., the minimum being below and the maximum 
about 28° C. 

In addition to conidia, P. destructor also produces thick-walled oospores, fertilisation 
of the oogonia by antheridia, presumably, taking place in the usual manner of the Perono- 
sporaceae ; the oospores, at first colourless, but later red, are round, and measure from 
17 to 37 /X in diameter (Figs. 328, 329 l). They are usually found in the leaves and 
flowering shoots, and in a few instances have been discovered in the walls of the capsules 
and adhering to the seeds <5). They are most typically found in parallel rows in the leaves, 
developing mostly alongside the long veins (Fig. 327 b). The oospores are difficult to 
germinate apparently because of the thickness of the wall (3 to 4/x), but it appears 
that the presence of oxygen is an important factor in their germination, and the addi- 
tion of a weak solution of potassium permanganate (o-oi to 0-02 per cent.) at 20° C. 
greatly stimulated germ-tube production (Fig. 328 b). The germ-tubes are simple or 
branched, and sometimes form bodies resembling chlamydospores, 21 to 31 by 12 to 23 /i, 
but such bodies have not been found under natural conditions. Under no further trials, 
however, could the oospores be induced to make progressive growth, and it is doubtful 
whether they play any part in the spread of the disease Though there are no proofs 
that the oospores are capable of setting up infections, the possibility must not be ruled 
out, if the right conditions in nature are found, that they may establish scattered foci of 
infection in a crop. In certain parts of North America where it is not the custom to 
allow the plants to over- winter, it is believed that in the absence of a carrier crop, the 
oospores in the soil are probably a source of primary infections The presence of 
the fungus in the floral organs is confirmed by numerous authors and despite 

the fact that only in a few instances have the ovules or seeds been found to harbour my- 
celium, the opinion appears to prevail that seed infection may still occur. The oospores 
have been found even in the capsules in diseased flowers, but from the few seeds that 
were obtained and sown no infection resulted ; it is suggested, however, that oospores 
adherent to the testa may sometimes be a source of infection at germination 

While prolonged rainy or muggy periods favour the spread of onion mildew, 
conidia never being formed when the leaves are dry, the incidence of dew is a much 
more important factor in the production of conidia than actual rain Though 

the fungus develops its conidial fructifications over a wide range of temperature, 
it is, on the whole, a low-temperature organism and the conidia appear generally 
when night temperatures are between 5® and 13° C. 

There is some evidence that physiologic races of the parasite of onion mildew 
exist. The fungus isolated from the variety Welsh Onion infected Alliufn fistulosum 
var. caespitosum and common onions, but no other variety Breeding experi- 
ments conducted in California indicated *a localised resistance in various parts 
of the host. Thus a certain selection of the Italian Red variety showed the seed 
stalks to be immune and the foliage highly resistant ; another strain of the same 
variety while retaining similar immunity had only slightly resistant foliage, and 
seed stalk immunity was also established in the progeny of hybrid forms. Again, 
some varieties of onion may be resistant in the foliage but not in the bulb ; thus 
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Cranston’s Excelsior is resistant only in foliage whereas Up-to-Date is resistant 
both in the leaves and in the bulbs 

Since the perennating mycelium in the bulbs appears to be the chief source 
for the spread of this disease, it is obviously important to examine the plants 
carefully when transplanting and during the growing season, and any showing 
signs of the disease, such as softness of bulb or a yellowing of the young foliage, 
should be rejected or removed. Such plants must be destroyed by burning and 
not left on the ground or taken to the compost heap. As the parasite is tolerant only 
of rather low temperatures, dry heating affected bulbs — to 40^-45° C. for 8 hours 
or more, according to the size, number, and variety of the bulbs — is effective in 
killing the mycelium whilst this temperature may not be harmful to the 

bulbs, the method is, however, risky in practice and it is doubtful whether the 
deeper-seated fungus is rendered innocuous by this treatment. 

All spraying operations against onion mildew are very difficult to perform 
successfully because of the smooth, shiny surface of the leaves, but with an adhesive 
such as resin fish-oil soap, Bordeaux mixture applied early and repeatedly has been 
found beneficial ; and dusting the plants when wet, either with finely powdered 
sulphur alone or mixed with half its weight of powdered lime, sometimes gives 
good results As a substance toxic to the conidia, malachite green was found 
to be more effective than copper sulphate, and a dilution up to i in 150,000 of 
water completely stopped the growth of the conidia, but few details are, so far, 
available as to its practical uses as a fungicide 

If possible, new plantings of onions should be made in soil not previously 
given to these plants, in order to avoid any possibility of the hibernating oospores 
restarting the disease. Since autumn-sown onions in proximity to the summer 
crop are a proved source of danger, autumn sowing should either be discontinued, 
or the plants raised under glass in December or January. If the crop must be 
sown in the open, this should be done as late as possible in the autumn, and the 
sowing of seeds for the spring crop should be made as far removed as possible 
from the autumn crop. 
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Onion Smut, Urocystis cepulae Frost 

Smut disease occurs on all varieties of onions, leeks, shallots, chives, and garlic. 
It is common in the British Isles and in many areas of the northern States 

of America, where it is believed to have originated in i860, probably on some wild 
species of onion ^5, n, 17). The disease appeared in 1879 in France and Germany, 
and is now fairly widely distributed throughout Europe ; it was not recorded 
outside Europe and America until 1938 when it was reported first in New Zealand, 
and later, within restricted areas, in Queensland, and is believed to have been 
introduced into these areas with imported onions 

The disease attacks only seedlings and young plants, for after passing a certain 
stage of development the host becomes immune. Soon after the seedlings appear 
above ground, infected specimens usually show one or more long silvery streaks 
below the epidermis of the cotyledon and sometimes of the succeeding leaves as 
well, the latter bending over, in marked contrast to the leaves of healthy plants, 
which remain erect ; affected leaves are also somewhat thicker than normal 
leaves (Fig. 330). When the silvery epidermis over the blisters is broken, the 
lesions become sooty black from the release of dense masses of dark-coloured 
spores (‘ brand ’ spores) from the disorganised leaf tissues below. Within 3 to 
5 weeks after germination, if infections have been heavy, mortality of seedlings 
may be very high. According to the degree of infection some seedlings may 
survive longer, but if new leaves become 
attacked as they develop from the growing 
point, the stripes, and in turn the blisters, 
break out on them anew. Sometimes, by 
vigorous growth, an infected plant may out- 
pace the disease, and by casting off the 
infected cotyledon produce a healthy bulb. 

Other lightly infected bulbs may reach 
harvest whilst still retaining infection in one 
or more of the outer scales and, unsuspected 
of harbouring the fungus, may be marketed 
as healthy produce. In most cases, how- 
ever, the disease keeps pace with the growth 
of the plants, and, with successive leaves 
developing the silvery lesions, they end by 
developing smut blisters not only on the 
outer scales but on the inner scales as well, 
producing shrunken bulbs considerably 
below normal size. There is, however, no 
progressive rotting of smhtted bulbs while 
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Fig. 330. — Onion smut (Urocystis cepulae). 
A, smut lesions on base of two seedling 
leeks. Bf on the leaves (photos by 
Foister 8 c Noble) 
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in storage, and affected specimens can usually be singled out by the characteristic 
silvery stripes at the base of the scales. 

When the lesions burst, the spores, for the most part, fall into the soil, in 
which they may persist for years. Spores may also be carried by wind or in- 
sects <7, 13) and may be dispersed by any means whereby tainted soil can be 
conveyed during cultivation, on implements, boots, etc., or in surface drainage 
water, but a sure method of spreading the trouble, locally or abroad, is by the 
distribution of infected ‘ sets * for planting, or of transplants (past the sus- 
ceptible stage) raised in contaminated soil The disease is not carried by the 
seed. 

Onion smut is caused by Urocystis cepulae, a member of the smut fungi Ustilaginales. 
Each spore of Urocystis is not merely a single cell, but is furnished with a close-fitting 
covering of as many as 20 sterile, hyaline cells, the whole forming a spore ball having a 
dark cell at the core — the true, fertile spore ; sometimes, but rarely, there may be two 
spores within a spore ball. An entire spore ball varies from 15 to 20 /x, the central spore 
itself being from ii to 15 /x in diameter. The spores are germinable in water, but make 
better growth in onion juice, especially with the addition of a sugar carbohydrate, but with 
starch, or in an acid medium growth is retarded When a spore germinates, a single 
hypha (rarely two) is pushed out between the investing cells of the spore hall to form a 
short, hemispherical tube, the promycelium or basidium which soon gives rise to a whorl 
of septated, filamentous branches consisting of uninucleate cells. These filaments may 
either bear a number of sporidia arising in lateral positions, or they may further branch 
and an 'istomose to form a mycelial plate or weft without bearing any sporidia at all ^3. 6 . u). 
The sporidia measure, on an average, 7-4 to 3*5 /x in diameter, and may bud freely after 
liberation or while still attached to the hyphae, but whether they may function as oidio- 
spores in nature is not known, nor has any evidence been obtained of the conjugation of 
sporidia The filamentous branches arising from the short promycelium may, instead 
of forming sporidia, disintegrate in the soil, so as to liberate their component cells, which 
again are said to bud out and function as oidiospores Upon the germination of the 
brand spores, under whatever conditions in the soil that may induce them to give rise, at 
one time, to mycelium, with or without mycelial plates, or at another time, to sporidia, 
or oidiospores it is clear that the organism has an appreciable period of existence in the 
soil, purely as a saprophyte, for how long is not known (a period of 15 years, in the 
absence of a susceptible host is recorded), but it appears in this capacity to be capable of 
considerable resistance to dessication in the soil <<»). 

In the presence of a susceptible host the fungus, adopting a parasitic habit, 
attacks the young seedlings as soon as they emerge from the soil. Infection takes 
place through the cotyledon at one or more points below, or on a level with the 
soil ; the ‘ collar *, the part at the junction of root and stem, is the region at which 
penetration of the cotyledon normally occurs. Parasitic hyphae have also been 
found within roots growing around the collar, an observation which would ap- 
pear to indicate that the root hairs are the first cells to be entered The coty- 
ledon continues to be susceptible until it reaches maturity, which occurs usually 
2 to 3 weeks after germination. If the seedlings can survive that period without 
penetration, the mature tissiies of the cotyledon form a sure protection against 
further attacks, and the plants grow up to produce perfectly sound bulbs. Any 
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means, therefore, that can be adopted to induce young seedlings to make vigorous 
early growth so as to hasten cotyledonary maturity, confers upon them complete 
immunity from onion smut. But, maturity of the tissues of the cotyledon does 
not mean that the true leaves ensheathed and protected by it are no longer sus- 
ceptible to attack ; when a number of seedlings which had passed the susceptible 
stage were stripped of the cotyledon and the immature tissue beneath exposed to 
the same infection in the soil, 60 per cent, of the plants became diseased But 
no danger can accrue from the planting of healthy, established transplants or ‘ sets ’ 
in smutted soil, for they are well past the susceptible stage, but infected plants 
placed in clean land are obviously a source of danger when, with their decay, 
the brand spores are set free again into the soil. In general, it may be stated that 
the period of susceptibility to attack begins about the second or third day after 
germination of the seed, and the plants are deemed to be immune from infection 
when they have grown to a height of about 3 inches above the ground 

At infection, the tip of the penetrating hypha bores its way directly into an 
epidermal cell without any preliminary expansion to form an appressorium 
and, passing in quickly between the cells of the mesophyll, proceeds to branch 
and keep pace with the growth of the lengthening cotyledon without apparently 
causing any disturbance to the host cells. If initial infection occurs comparatively 
late in the growth of the cotyledon, that is, when it is approaching maturity, 
infection hyphae may be arrested in the epidermis and become disintegrated ; 
it is probable that the occurrence of such disorganised hyphae in some of the host 
cells led to the pronouncement of haustoria being present but later observations 
have failed to establish the presence of these organs in the host The hyphae 

within the host leaf are practically confined to the tissues lying between the vas- 
cular strands, and it does not appear that the fungus ever invades the phloem, 
nor are the spore beds ever laid down in the outermost layers of the mesophyll, 
or within the epidermis. Having established itself in the cotyledon, the fungus 
makes its way into the growing point of the shoot, and it is from this region that 
the leaf-primordia become infected. Whether the young shoot can escape infection 
from the cotyledon will depend, as above stated, upon the rapidity with which 
the young leaves develop, and if they are well advanced before the fungus reaches 
the growing point, they develop normally and contribute to the formation of a 
healthy bulb. 

*The complete life-cycle of onion smut, from the time of infection to the 
appearance of mature pustules of brand spores on the cotyledons, may be com- 
pleted in from 3 to 4 weeks. In the young spore beds all the cells of the mycelium 
remain uninucleate for a long time, and only just prior to spore formation is a 
binucleate condition seen to arise at various parts in the young sorus. It is not 
clear how this new condition arises, except that frequent anastomoses of hyphae 
are evident throughout the sorus, and certain cells become binucleate, presumably 
as a result of migration of nuclei from contiguous cells. Finally, fertile spores 
are produced by some of these binucleate cells, but some of the cells abutting 
on them, also binucleate, become closely adpressed to the spores to form the sterile 
investment, or pseudospores, as they are called, which are believed to act as 
‘ nurse cells ' to the developing central spore, and they remain permanently as 
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a covering to the spore ball. The paired nuclei in the cells of the spore ball, 
in both the fertile and the sterile, ultimately fuse, so that the mature spores are 
diploid zygotes. It is interesting to note, according to the foregoing observations 
that, unlike the behaviour of the infective mycelium of other investigated smut 
fungi, such as those of the cereals, in which the cells of the hyphae are binucleate 
while yet on the surface of the host, that is before penetration, the mycelium of 
onion smut retains its haploid condition within the host up to the time of the 
laying down of sporogenous primordia. According to these observations the 
behaviour of Urocystis cepulae would appear to be unique among the smuts, and 
may provide the first example of a homothallic species in this group of fungi 

The temperatures prevailing in the upper layers of the soil have an important 
bearing upon the incidence of onion smut. In general, those most suitable for 
infection approximate closely to temperatures which also favour the germination of 
the seedlings Though the margin between germination and infection may be 
small, under conditions in Elba, New York, this narrow interval proved sufficient 
to afford some measure of control over the incidence of the disease, and, by sowing 
the seeds a little earlier than usual, the seedlings escaped infection because the 
seeds germinated at a slightly lower temperature than smut usually develops, 
namely, at 8® and io° C. respectively. Moreover, a prevailingly low-soil tempera- 
ture of 8° to 13° C. during early germination helps to lessen the amount of infection, 
and if the temperature in the top inch or so of the soil remains within this low 
range for an appreciable time, a reduction of as much as 60 to 78 per cent, in the 
amount of infection may be obtained in comparison with that which occurs at 
the optimum range for smut development, namely from 15° to 20° C. Further- 
more, in relation to both soil and air temperatures there is usually a high degree 
of infection at soil temperatures of 20"" to 25° C., even when the air temperature 
is higher, as at 30^ C., but a soil temperature approaching the latter figure is fatal 
to the parasite, showing that air temperatures alone are not sufficient to check 
the disease At the higher temperatures, too, the growing plants are induced 
to make rapid growth, and may thus outpace the fungus in the cotyledon, so 
that the latter is cast off before infection enters the growing point, and the leaves 
develop healthily 

Germination of the spores in the soil is increased by a free access of air, and 
though the degree of soil moisture is not such an important factor as relative 
temperature in the incidence of infection an excess of water, by lowering the 
temperature of the soil, has the effect of retarding the growth of the seedlings, 
and thus allows the fungus longer opportunity to attack them 

As onion smut is carried from place to place in diseased plants, and distributed 
also in contaminated soil, all infected material should be collected and destroyed 
by burning, but it is by no means an easy matter to eradicate infection from the 
soil. If the affected area can be given over to a complete change of crop, infection 
may, in time, be starved out by withholding all susceptible hosts, but as the period 
of survival in the soil is so uncertain, smutted land should be allowed to go out of 
cultivation altogether ; if this is not possible, and the area is given over to other 
crops, these plants must be confined to the area and not moved about to clean 
land, a process which would immediately render that soil contaminated from the 
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smut-laden soil carried over with them <2), a considerable measure of success 
has, however, been obtained, especially in America 9, n)^ by treating the soil 
with dilute formalin ; a solution of i pint of formaldehyde (40 per cent.) in 16 
gallons of water is poured in a fine stream into the furrow, immediately after the 
seed has been sown, and before it is covered with soil For treatment of large 
areas the American method of fixing a small tank containing the formalin on to 
the seeder is used, so that the outlet pipe from the tank delivers the fungicide just 
behind the falling seed, and with a suitable tap on the outflow pipe, the correct 
amount of liquid can be estimated. The seeds are covered as soon as possible 
after the treatment, and unless the soil beforehand is exceptionally dry, the seeds 
suffer no injury. If onions are grown from transplants raised in boxes, they should 
not be placed in smutted soil until past the susceptible stage, which, as already 
stated, is usually 3 weeks, when the seedlings are about 3 inches above the soil. 
All boxes and soil used for sowing under glass should be sterilised by heat or by 
the above formalin method 
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Vi^hite Rot of Onion, Sclerotium cepivorum Berk. 

White rot attacks onions, leeks, garlic, and shallots, and is common in regions 
of cool climate. It was first discovered in England in 1841 ^3)^ arid was further 
investigated in 1920 when its destructive effect on onion crops was reported from 
many parts of the British Isles In some seasons losses may ht very high, as in 
the autumn of 1937 when entire fields of onions in the west of England were 
devastated with white rot First report of its occurrence in America came 

from Oregon in 1918, on garlic and onions ^^3), The disease is also prevalent 
in north Italy, France, Spain, Holland, Germany, the Canary Islands, Egypt, and 
Australia 

. White rot is caused by Sclerotium cepivorum^ a soil-inhabiting fungus, in the 
life-history of which, as for as is known, no spores of any kind are developed, 
the organism surviving in the soil in the form of minute black sclerotia (micro- 
sclerotia)* Theiiingus possesses numerous strains 
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The disease attacks its hosts during active growth and continues as a bulb 
rot after harvest ^^3)^ Early signs of its presence in the crop are usually to be 
seen towards the end of May or early June, when some of the older leaves turn 
yellow from the tips downwards ; and the die-back may be so rapid, especially 
if the plants are young, as to cause complete wilting of all the leaves. But white 
rot is essentially a disease of the rooting system, and it is from infected roots that 
the bases of the bulb scales are attacked. In the case of late bulb infections, 
however, the scales may be penetrated directly from mycelium in the soil, so that 
light infections may sometimes occur on bulbs which are almost mature. Such 
incipient infections are often very difficult to detect and are a source of great 
trouble in storage or during transit of the exported product, for the decay is 
progressive and quantities of bulbs are often rendered worthless 

On account of extensive rot at the roots diseased plants are easily pulled up 
from the soil, and the bulbs usually contain abundant white mycelium around 
the basal parts ofithe scales, where it becomes woven into a plectenchyma, forming 
a whitish-grey felt on which tiny black sclerotia duly appear (Fig. 331). These 
small and hard bodies which measure from 0-28 to o*6 mm. are often found in 
such great numbers on the bulb scales as to form a black, gritty crust, and may 
either be superficial on the webbed mycelium or embedded in the outer tissues 
of the scales. On the disintegration of the diseased bulbs the microsclerotia are 
liberated into the soil in which they are said to be still viable after 8 or 10 years ; 



they are highly resistant to all 
factors of the soil environment 
and appear to be the principal 
means of carrying the disease 
over from one season to the next. 
In cases where white rot has been 
reported on land in which onions 
or leeks had not been grown over 
a long period of years, or on land 
known not to have carried the 
crop at all, there is evidence that 
the common weed, crow garlic 
(A, vineale)y may act as a carrier 
host ; the fungus has also been 
isolated from the inflorescence 
of leeks kept for seed, infective 
material being found among the 
seed collected from the dried 
heads’; such infective material 
may thus contaminate the seed 
and account for new infections in 


Fig, 331 . — ^White rot of onion {Sclerottum cepivorum). A, 
large bulb with sclerotia near the base. B, smaller 
bulb, in section, showing rot at base. C, bulb 
showing basal rot. />, the same in section (photos 
by Foister & Noble) 


clean land 

The exact conditions which 
favour the germination of the 
sclerotia in the soil are not known, 
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nor is it clear whether they exist intact in a resting condition for indefinite 
periods or germinate forthwith to produce a mycelium which is capable of 
existing as a saprophyte until a susceptible crop is sown again <*2) Following 
upon early infection and destruction of the roots, the fungus soon appears as a 
white felted growth on the bulb scales ; when the bulb is submitted to direct 
scale infection early signs of the disease are indicated by a serni-watery decay, 
which is soon followed by a vigorous growth of mycelium at the bases of the 
scales Pure cultures of the organism have been obtained on a variety of 

media, both from the vegetative mycelium and sclerotia, and considerable differ- 
ences were found between various isolates ; colonies on prune agar, at 24° C., 
yielded in some cases the typical whitish mycelium which ultimately developed 
small knots of hyphae, the precursors of microsclerotia, and after 12 days the 
culture was covered with these black bodies 

White rot is most prevalent in cool weather, at temperatures of 15° to 18° C., 
and at medium soil moistures. In very dry seasons attacks are slight As the 
organism is essentially a root parasite, the soil-temperature factor is of great im- 
portance. In soil contaminated with sclerotia young onion plants were thoroughly 
diseased in 40 days at temperatures of 14® to 18° C., with a reduction to half the 
loss at 22° and 24° C., while between 26® and 30° C. infection was absent 14), 
Factors other than temperature and soil moisture are, however, not without their 
bearing on infection, for the critical point at which infection may be inhibited 
is not that at which there is an evident check to the growth of the fungus, but that 
at which the host is growing most vigorously The general conclusion is that 
white rot is a low-temperature disease, becoming aggressive at soil temperatures 
below 20° C., above which the plants may escape infection ; it may occur at as 
low a moisture content of the soil as will support the growth of the host ; but 
with a rise of the moisture content to 50 per cent, and above, a gradual reduction 
in infection will occur, despite the fact that the temperature may remain at the 
optimum for the pathogenicity of the organism 

For the control of white rot it is obviously of importance to prevent the libera- 
tion of the sclerotia from diseased bulbs into the soil, by early removal of such 
with as much adherent soil as possible to prevent their dispersal. On a large 
scale, in the field, there is no method of sterilising the soil to kill the scerotia, but 
on an experimental basis it has been found that if the disease is early detected on 
seedling onions, disinfecting the ground with a 2 per cent, solution of formalin 
may prevent sclerotial development and the application of a mercuric dust, 
at the rate of i oz. per square yard of soil surface, before sowing, is also 
recommended 

There are several varieties of onions resistant to white rot but none immune 
from it. Those recommended include Up-to-Date, Rousham Park Hero, Im- 
proved Reading, and White Spanish ; Bedfordshire Champion, Sutton’s Ai, 
and Wroxton Globe, are moderately resistant. The susceptible kinds include 
Ailsa Craig, Giant Zittau, Cranston’s Excelsior, and Premier. The salad variety 
White Welsh is resistant, White Madeira only moderately so ; White Lisbon is 
very susceptible Plants grown in England from seed of home strains 

are said to be more resistant than those raised from imported seed 
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Neck Rot and Leaf Rot of Onion, Botrytis allii Munn ; B. byssoidea Walk. ; 

B. squamosa Walk. 

Neck rot usually attacks onions and shallots soon after harvest, and in storage. 
In some years it may be found on the crop before lifting with subsequent severe 
losses in the store ; autumn sown onions may also show it in the spring, and seedlings 
in the boxes or soon after planting may be attacked at the base The disease 
was first described in 1876, in Germany, and was first reported in England in 
1894 and recorded here again in 1920 The first record of its occurrence in 
America was in 1890 The disease is also known in Denmark, France, Italy, 
Holland, and Japan. 

The causal organism of neck rot has, for a long time, been known as Botrytis allii ; 
but investigations in America have revealed that two other species of Botrytis, 
B. byssoidea and B. squamosa (Fig. 333 A, b) are also implicated, and all three attack the 
host in the same way, through the neck tissues (Fig. 332). B. allii is usually associated 
with that form of the disease which is accompanied by abundant sporulation on the 
decaying bulbs, this well-established type being commonly called ‘ grey mould neck rot \ 
from the characteristic colour of the sporiferous branches. A second type of the rot, 
developing an abundance of mycelium, but showing poor sporing capacity, named 
* mycelial neck rot * is attributed to B. byssoidea {Sclerotinia porri is associated with 
this species A third type, caused by B. squamosa, is called the * small sclerotial neck 
rot ’ because of the production of smaller sclerotia, than by the other two species 
The two first-named species approximate very closely in many features, especially in 
their degree of pathogenicity and range of distribution, whereas the last named appears 
to be relatively unimportant,* attacking only the white onion within restricted areas. It 
has, however, been recently observed, in 1941, in Worcestershire, to cause considerable 
leaf injury in onions All three species have also been recognised in Holland ^7), but 
in most areas B. alii is the principal cause of neck-rot disease ; B, cinerea is also reported 
in some parts of England to produce a shrivelling and death of the leaf tips of onion 
Serious losses from deterioration in storage are attributed to neck rot, both 
in Britain and America, especially of the white varieties of onion, which appear 
to suffer more severely than the coloured yellow or red varieties 

Affected bulbs examined soon after lifting show small white spots on the still 
green but decaying leaves, which soon enlarge in a direction along the length of 
the leaf ; these spots may be surrounded by a yellowish area having a Wfter- 
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soaked appearance. But, for the most 
part, the trouble starts at the neck 
of the bulb, extending downwards and 
spreading over the scales along one or 
more tracks which assume a sunken, 
brown, ‘ cooked ’appearance, and clearly 
marked off from the adjacent, as yet, 
unaffected parts of the bulb. Dense 
tufts of conidiophores laden with masses 
of smoke-grey conidia soon arise over 
the affected areas ). The spread of the 
disease downwards from the neck into 
the scales is more progressive in a longi- 
tudinal direction into individual scales 
than across, from scale to scale, within 
the bulb 

With the advance of the disease, 
under favourable storage conditions, 
black sclerotia appear on the older, de- 
cayed tissues, chiefly in the region of 
the neck, either singly at various places, 
or in such profusion as often to form a 
continuous black crust around the entire 
neck of the bulb ( Fig . 3 3 2 ). The sclerotia 
are embedded in the surface tissues of 
the scales, and may sometimes be found 
between the outer and inner scales, but 
at other times sclerotia may be entirely 
absent. When the disease is seen to 
have started at some point other than 
the neck, such as the base of a scale, or 
from any place at the side of the bulb, 
such infections are almost certainly 
traceable to wounds at these points, 
caused probably by careless handling 
at harvesting. Considerable infection 
through cracks in the scales and disc 
caused by second growth may occur in 
the field when rain follows a dry 
spell Without such wounds for its 

entry, the fungus does not appear to be 
capable of penetrating the dry outer s 



Fig. 332. — Neck rot of onion {Botrytts alltt; B. 
byssoidea; B squamosa). On large and 
small bulbs, the lower picture showing 
clusters of small black sclerotia on the de- 
cayed tissues of the neck (photos by Foister 
& Noble) 

les of the bulb, but can spread with the 


greatest of ease in the store by contact between bulbs with bruised surfaces. The 


progress of the disease is very much the same at whatever point it begins on the bulb. 


and as it causes a gradual drying-up of the tissues, the bulb becomes shrunken and 


mununified, so that the disease is actually of the nature of a dry rot, and unless 



7o8 


PT. II 


SELECTED DISEASES 

saprophytic bacteria enter later, 
it does not assume the character 
of a soft, watery, and foetid 
decay. 

The mycelium of B, allii is 
somewhat coarse, richly branched 
and septated, and exists in the 
tissues of the host both between 
and within the cells . During early 
occupation, the mycelium is colour- 
less but darkens with age into a 
light-brown tint, but when it col- 
lects between the bulb scales it 
usually forms a dirty white, matted 
growth. In artificial culture, as 
on onion - decoction agar, the 
strongest growth of mycelium oc- 
curs under conditions of alkalinity 
or low acidity, but under com- 
paratively high concentrations of 
either acid or alkali, the fungus passes over to the production of conidia ), The mycelium 
that comes to the surface to sporulate is of a smoky-grey colour and gives rise to dense 
masses of erect conidiophores, deep brown in colour. The conidiophores branch 
repeatedly near the apex, ultimately to produce very numerous, short, dilated tips beset 
with tiny sterigmata from which the conidia are abstricted in great number. After 
dispersal of the first load of conidia, a conidiophore may renew its growth by proliferation, 
again to branch and sporulate as before, until finally several conidiophores become 
flattened and twisted upon themselves. The conidia are pale or hyaline, oblong to ellipti- 
cal, and measure from 7-1 to 16*2 by 3*8 to 6*3 /x (average, 10*3 by 5*1 /x) They 
germinate in water to produce one or two germ-tubes which branch out with frequent 
anastomoses. Smaller microconidia are also sometimes produced ; they are globose, 
about 3 /X in diameter, and borne on short, hyaline conidiophores Sclerotia, during 

their early development, appear as white, velvety tufts of mycelium sunken somewhat 
into the surface of the bulb, but gradually change in colour from light brown to black, 
finally becoming very hard and homy ; on the side adherent to the bulb they are slightly 
concave, and rounded on the exposed side ; they vary in size from i to 5 mm. in length ; 
internally, they consist of densely interwoven pseudoparenchyma, and on the outside 
are protected by several layers of heavily pigmented ceils which give the characteristic 
black colour. If diseased bulbs are allowed to decay and rot in the open, these highly 
resistant sclerotia pass into the soil, but for how long they are capable of survival in the 
soil and are responsible for the renewal of infections in succeeding crops is not fully 
known. The period of longevity appears to depend on the degree of moisture in the 
soil, and under very dry conditions the germination of the sclerotia may be long retarded^ ^ 
While the sclerotia may, no doubt, be capable of withstanding the winter, it is not im- 
probable, at least in some localities, that the mycelium itself, and perhaps the conidia 
too, may carry the disease over from one season to the next Conidia picked from 
dry cultures of onion agar were found to be viable after 2 years, and mycelium was 
rejuvenated from cultures 9 to 12 months old 



Fig. 333. — Botrytis hyssoidea and Botryiis squamosa. A, 
B. hyssoidea showing the characteristic features of the 
conidiophores, conidia, and their germination. By 
B. squamosa^ the same ; note, in the lower figures, the 
degenerating sporiferous branches shrinking back in 
accordion-like folds ( x 300) (after Walker, Phytopath.) 
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Neck rot attacks its host under conditions of high humidity. No infection 
of normal uninjured leaves, nor of neck tissues, occurs if these parts are dusted 
with the dry conidia, but if drops of water are supplied, or the plants are wet 
with dew or rain for two or three days, with prevalence of cloudy weather, infection 
is generally successful. There can be little doubt that the fungus is capable under 
humid conditions of penetrating unbroken cuticle of succulent, turgid scales, 
and that possibly some amount of infection may thus take place actually in the 
field, before the tops have dried out, for it is found that bulbs with immature tops 
show a higher percentage of infection than those which are thoroughly ripened. 
If, however, as already indicated, the host surface is bruised or in any way injured, 
the insertion of spores or sclerotia into such wounds never fails to result in rapid 
infection. In the great majority of infections occurring on matured bulbs, the 
spores gain access to the neck tissues through wounds made by twisting off the 
tops at harvest, or through careless handling during storage, or by bruising of 
the scales while screening. The spores grow easily in the material supplied to 
them by the moribund tissues at the wound, or in the dead remains of leaves 
in the tops left on the ground. Under natural conditions it appears to be very 
exceptional for infections to become established through unwounded outer scales, 
and though white varieties of onions are usually more susceptible to the rot than 
coloured kinds, both are equally susceptible when infected through wounds. 
Succulent, sappy bulbs are much more prone to this disease than hard, well- 
ripened bulbs. 

Humid, cool weather during the growing season appears to render the plants 
susceptible to infection. In well-grown crops, ripening time is indicated by the 
leaves toppling over while still green ; thick-necked bulbs do not do this so readily, 
and bulbs with thin necks are hardier, less liable to infection, and are altogether 
better for storing. It should be the practice, at harvest time, to pull the plants 
during dry weather and allow them to ripen in the sunshine ; when this process 
is carried out under damp conditions, or when the bulbs are allowed to remain 
in the wet, much of the infection is given a start at harvesting 

All the three species of Botrytis cited above respond quite similarly to variations 
of temperature. At low temperatures of 3° or 4° C., growth was found to be 
very slow, the optimum lying between 20® and 25"^ C., and the growth of all three 
was meagre at 33° C. The most rapid decay of the bulbs occurred at 15° to 20° C., 
and above 26® C. the amount of disease and rate of decay decreased appreciably 
While it has been observed that moist, cool conditions are favourable to the growth 
of the fungus, these are also the conditions which delay the maturing of the crop, 
tending, as already mentioned, to increase of succulence in the neck tissues, and 
thus retarding the important process of the drying of these tissues, a procedure 
of greater importance as a means of preventing infection than any other devised 
for its control. 

The selection of coloured varieties of onions in preference to white is advised, 
since they have been found to be generally more resistant to practically all diseases 
of this plant. The resistant principle appears to reside in the pigments existing 
in the outer scale and neck tissues of these bulbs, and is believed to be proto- 
catechuic acid, a substance which has been found experimentally to be extremely 
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toxic to the fungus of neck rot While the cultivation of the crop, to ward 

off the disease, should aim at the production of sturdy growth, delayed growth 
should not be encouraged as it tends to increase the succulence and thickness of 
the tissues in the neck region. Only bulbs with firm, narrow necks, the dead tips 
of which easily fall off, should be used for storage purposes. Bulbs in store should 
be frequently examined for symptoms of decay ; they should be housed on latticed 
shelves for thorough circulation of air to keep them dry. If the weather at time 
of ‘ curing * is unfavourable, it may be found advisable to resort to artificial drying, 
the bulbs being set out in shallow crates, and placed in a kiln through which 
warm air at ioo° to 120° F. is forced for several hours until the neck tissues are 
thoroughly dry ^2, 8) 
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White Tip of Leek, Phytophthora porri Foister 

This disease which is confined to leeks has probably been in existence in Britain 
long before its discovery in 1928 in Scotland Since that date it has spread 
and is now present in the Lothians down to the Borders. In England it has no 
doubt been confused with downy mildew of the onion for many years, and following 
soon upon the discovery in Midlothian, it was recorded in 1931 as being somewhat 
severe during 1929 near Cheltenham and around Bristol (3, 4, 5)^ but, so far, there 
are no reports of its occurrence outside the British Isles. 

White tip causes a yellowing and die-back of the leaves, starting, as the name 
suggests, at the tips, these affected parts finally turning white (Fig. 334). The 
bleached effect may extend from the tip for about | to 6 inches, and the discoloured 
part may either collapse and decay or become crisp and curled. These early 
symptoms may, however, start at one or both margins of the leaf, at any point 
from near the tip to about half-way down ; a one-sided attack causes the leaf to 
contract and twist around the infected part. Infection causes some degree of 
water-logging of the tissues, either close to the bleached area or in advance of it, 
and may start half-way down or at the base of the leaf, in the latter case causing 
the whole leaf to wilt. 

The disease attacks leeks young and old, the former remaining stunted, and the 
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latter, if severely infected, rotting away ~ 

and breaking off at soil-level when 
pulled up. Even plants slightly in- 
fected wilt early when gathered, where- 
as healthy ones remain firm for several 
days. The trouble usually breaks out 
rather late in the season, but the time 
varies much with the locality and 
season. In Scotland, in 1928-9, it began 
in September ; in 1929-30, in January 
and in 1930-31, in December In 
the Bristol area in 1930 it was fairly 
general by October, and in 1 93 1 was ob- 
served on plants about to be harvested ; 
and on winter leeks it commenced on 
infected ground early in November 
These discrepancies in times of out- 
breaks in England and Scotland are 
probably correlated with the prevailing 
temperatures and length of incubation, | 
the latter being longer in Scotland 

The fungus causing this disease is Phy- 
tophthoraporri^^K Its mycelium is present 

in greater quantity in the yellow, water- 334 -White tip of leek (Phytophthora porri) 

, ® ^ , : , - . . ^ (photo by hoister, Proc. Bot. Soc. Edin,) 

logged parts than m the white portions of 

the leaves, and consists of hyphae which are exceedingly variable in width, from 2-4 to 12/x 
(average 6 to 8 /i), and appearing in places almost vesicular ; it is non-septate, moderately 
branched, and occupies the cells and intercellular spaces. The mycelium may travel from 
the leaves into the stem, even into the base of the plant but not in ^ny great quantity. In 
culture, the mycelium shows peculiar coiled or spiral branches, especially when about to 
form oogonia and antheridia. The optimum temperature for vegetative growth on an oat 
medium was found to be 25° C,, the minimum and maximum being 8° and 35^^ C. respect- 
ively. It is rather remarkable that while many species of Phytophthora develop their asexual 
fructifications in great abundance, the sexual organs being usually sparse or imperfectly 
developed, Phytophthora porri has not been observed to form sporangia on the host plant 
under natural conditions whereas the sexual structures are found in great profusion. In 
culture, however, sporangia, sexual organs, and oospores are produced abundantly. The 
sporangia are inversely pyriform, with pr without an apical papilla, and vary in dimensions 
according to the nature of the medium ; when cultured on the host they measure from 

37 75 by 31 to 48 ju, ; on soil, from 31 to 55 by 28 to 42 ; and in water from 31 to 82 

by 23 to 52 /ut ; they are terminal or intercalary on the sporangiophores, and germinate 
direct by germ-tubes, or indirect to form zoospores which measure from 10 to 15 /x. 
Oogonia and antheridia are found in abundance in the yellowed parts of the leaves. The 
oc^onia are rather thick-walled, hyaline, from 29 to 44 /x in diameter (mean between 

38 and 39 /x) ; antheridia may be paragynous or amphigynous, and the species is 
homothaliic ; oospores are spherical, thick-walled, light yellow, and tend to mature 
more and more as the leaves get dry ; they measure from 19 to 36 /x in diameter (mean, 
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between 32 and 33 /x) ; both oogonia and oospores are much smaller on the host than in 
cultures. 

The mycelium is capable of growing saprophytically on the soil, but makes 
little headway in soil cultures unless other organisms are leached away or killed 
by soil sterilisation. In a series of experiments on host infection a culture of 
mycelium in sterilised soil failed to infect young seedling leeks, but developed 
sporangia in great profusion on the surface of the soil. In many instances aerial 
infection of plants was traced to infected soil, and it is not unlikely that sporangia 
produced on soil are carried by wind to set up infections of the green parts of leek 
plants. If sometimes sporangia do actually occur in nature on the host, they are 
probably produced only under conditions of very high atmospheric humidity ; 
during a series of inoculation experiments sporangia were actually found inside the 
leaf, having developed within the tissues, presumably owing to the higher degree 
of enclosed humidity than outside the leaf. They are developed readily if pieces 
of pure cultures are placed in water or liquid media, at 15® to 18® C. ; at 10® C. 
they do not develop. 

The disease may be kept in check by dusting the plants with a mixture of 
I part of copper sulphate to 4 parts of hydrated lime, applied at the rate of 2 oz. 
per square yard, and repeated every 3 or 4 weeks, if necessary, and is advisable 
in places where the trouble has previously existed. But as the disease does not 
spread very readily, it can often be checked even after its appearance, and the dusting 
may not be necessary in the early spring as by then slightly attacked plants may 
outpace the infection. No varieties of leeks are known to be immune ; the varieties 
Lyon and Musselburgh are very susceptible in the field. 
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Ph3rtophthora Rot of Apple and Pear 

Phytophthora cactorum (Leb. & Cohn) Schroet., & P. syringae (Kleb.) Kleb. 

This type of fruit rot is fairly common on apples and pears in Britain, Europe, 
and America *5. 19, 23)^ In some cases it is due to the activity of two 

species of Phytophthora^ P. cactorum and P. syringae ; in other instances 
only one or other of these two fungi is implicated on either of the two hosts 
In general, P. cactorum appears to be the species more commonly concerned ; 
in America it causes a ‘ collar rot ’ of apple trees in addition to a rotting of the 
fruit and is also known in England and America to affect the fruit of the straw- 
berry causing a ' leathery ’ rot It has also been found to injure the roots 

of hops in Sussex and Kent P. syringae also attacks the buds and shoots 

of lilac (Syringa) and is implicated in ‘ink disease’ of sweet chestnut 
{Castanea) 

Phytophthora rot was first observed in 1904 in Switzerland, on fallen apples, 
and the same disease was later reported to cause a die-back of the branches 
It is observed mostly on windfall apples and pears on wet ground, rarely on fruit 
on the trees. 

The general effect of the rot in both apple and pear is that of a brown discolora- 
tion of the core and flesh, both in the larger vascular bundles near the core and in 
the smaller ones throughout the fleshy pulp ; the browning from the larger bundles 
may extend into the stalk of the fruit for a part or the whole of its length 
In neither case has the affected fruit any marked odour or taste 

There are, however, some slight differences in the symptoms on the two hosts. 
In the apple the discoloured flesh is not so deeply browned as in the pear, and the 
external lesions are also a lighter brown than they are on the pear. Glistening 
clusters of asexual sporangia appear on these surface lesions and the spores 
are perhaps more plentiful on the pear than on the apple. In apples affected with 
P. cactorum the mycelium is often to be seen through splits in the skin, forming 
a whitish bloom on the surface When P. syringae occurred on certain apples, 
white tufts of mycelium were found to develop at the lenticels while the fruit 
still retained a more or less firm texture In another instance, the same fungus 
produced brown areas on the skin of the apple, rather like bruises, but without 
altering the shape of the fruit which also remained somewhat tough, a condition 
believed to be due to a different strain of this fungus 

P, cactorum produces various types of spores (Figs. 25, 335) between which it is not 
easy to distinguish in culture, by size, shape, or mode of germination These include 
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335 - — Phytophthora cactorum causing apple rot. A, unichasial sympodium of a sporangiophore 
grown in a moist atmosphere (in outline only x 270). B, C, D, resting sporangia which have 
germinated to give short mycelia and reproductive organs. B, C, bear a young oogonium and 
antheridium, D, bears sporangia (these resting sporangia were found in a seven-*month-old culture 
which had been soaked for 2 days in dilute apple juice) ( x 300). B-M» stages in the develop* 
ment of oogonium, antheridium, and oospore (composite drawings of median longitudinal 
sections) ( x 700). B, oogonium and antheridium, a few hours old, grown to fiill size ; the 
oogonium has about 24 nuclei and its antheridium about 9 nuclei. B, ooplasm separated from 
periplasm ; nuclei of periplasm are in division prior to degeneration. G, antheridial nucleus 
has entered ooplasm ; oospore wall forming. H, immature oospore ; the two nuclei not yet 
fused. oospore after a period of dormancy ; nucleus preparing for division, oil globule stfli 
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typical sporangia, resting sporangia, sphaeroconidia, chlamydospores (all multinucleate), 
in addition to the sexually produced oospores (uninucleate). The oogonia may be 
fertilised by paragynous (chiefly) or amphigynous antheridia. The non-septate mycelium 
produces the ordinary thin- walled, elliptical or pyriform sporangia singly and terminally 
on sympodially branching sporangiophores 20 to 40 fx long ; the latter emerge through 
the epidermis in small tufts ; the sporangia measure from 35 to 65 by 22 to 35 //,, and 
the papillae are from 4 to 6 /x long ; occasionally sporangia may be found to measure 
from 70 to So jjL in length ^*3) a typical one is about 36 x 28 /x Conditions of 
high humidity and good aeration favour the production of sporangia Germination 
occurs direct by germ-tube or indirect by zoospore formation. Resting sporangia, 
formed in the same way as the ordinary sporangia, are adapted for long survival and 
are laden with fatty reserves ; they germinate direct to produce thin-walled sporangia 
which in turn produce germ-tubes and more sporangia so that continuous systems or 
chains of sporangia may result. Or, a resting sporangium may produce vegetative 
mycelium, or sporangia, or even oogonia and antheridia almost immediately on germina- 
tion. Sphaero-conidia are extremely variable in size, and may arise in an intercalary, 
rarely terminal, position on short hyphae ; they are merely hyphal swellings, and 
measure from 33 to 40 ju, in diameter. Chlamydospores are also spherical, terminal, 
rarely intercalary, and without a papilla ; they are thicker-walled than the resting 
sporangia and rest for a longer period ; they are laden with oily reserves ; they produce 
a germ- tube which may give rise to sporangia, or sporangia with zoospores. The 
oospores have a thick, smooth wall, and measure from 22 to 30 /x in diameter The 
oospores must be fully matured before they can germinate, a process which has been 
rarely observed, demanding a long period of dormancy or ‘ ripening but in a culture 6 
to 12 months old they were found to grow when kept moist at 1 5^-25° C. In its 
possession of a highly resistant mycelium, oospores, chlamydospores and resting 
sporangia, P. cactorum is eminently well supplied with means of perennation. 

The sporangia of P. syringae are non-papillate and this fungus does not produce 
sphaero-conidia 2)^ Tbe sporangia, borne on sympodially branched sporangiophores, 
from I to 7 in number, measure from 40 to 75 by 30 to 42 /x ; or have ^n average of 
38 by 26 The oogonia are spherical, 26*4 /x in diameter, containing each a round 
or slightly oval, yellowish, smooth-walled oospore. The oospores have an average 
diameter of 24*4 /x and may range from 18 to 36 by 17 to 25 /x 

This fruit rot is somewhat sporadic and localised in its occurrence and is 
severe only during wet weather at the time the fruit is approaching maturity 
It is not very clear how initial infections become established on the fruits of apple 
or pear, but under experimental conditions uninjured fruits of both were successfully 
infected when placed in dishes containing wet soil collected from an infected 
orchard The uninjured fruits were also infected through the lenticels by the 
application of an inoculum of zoospores There is evidence that in old orchards 
suffering every year from this type of fruit rot, the fungi concerned are capable 
of survival in the soil under the trees. It is not improbable that under such con- 
ditions contaminated soil may sometimes be splashed up to the lower branches 

undigested, ez^dospore becoming eroded in digestion. jRT, oospore on the point of germination ; 
nuclei about 32 in number, neither oil globule nor endospore completely absorbed j germ- 
tube throu^ exospore, but not yet through oogonium wall. L, M, later stages in germination ; 
the antiberidium occasionally becomes loosened from the oogonial wall (after Blackwell, 
TmfU, Brit, Myc,^ Soc,} 
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of the trees, especially those of cordon trees, and possibly through wounds, cause 
infection which may bring about collar rot, or a die-back of the branches, as above 
mentioned Artificial infections have also been successfully performed on 
fruit whilst still growing on the trees ; inoculum introduced into wounds in the 
skin of a pear resulted in infection, causing the fruit to drop, and in another instance 
when zoospores were placed in water at the stalk end of a pear on the tree the fruit 
dropped at the end of 10 days and showed a discoloration extending from the 
stalk-end for about i cm. down one side, but such infections were not always 
successful 

Since the fungus continues to develop on the fallen fruit this should be collected 
and burnt, and any rotted fruit on the trees should be removed. 
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Mildew of Apple and Pear, Podosphaera leucotricha (Ell. & Everh.) Salm. 

Apple mildew is common in all fruit-growing areas and in some seasons causes 
considerable damage in Britain ; pear and quince are also susceptible to the same^ 
disease s- ’• *> »• 

The mildew is usually seen on apple trees as soon as the buds burst into leaf. 
Sometimes buds are so heavily infected in the previous season that they are killed 
outright, and infected buds which succeed in making growth produce only 
weakened, mildewed shoots. Early symptoms on the leaves from such buds consist 
of small patches of white or grey mildew on the under surface (the first part of the 
young leaves to emerge) but as the leaves develop, both surfaces become covered 
with a white floury coating of mycelium and spores (Fig. 336). Affected leaves 
grow longer and narrower than ordinarily, and by a curling of the margins appear 
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to be somewhat blistered or 
crinkled. Later, starting at the 
tips, the leaves turn brown, 
the discoloration spreading 
gradually until the entire 
lamina presents a scorched, 
bronzed appearance, a condi- 
tion which results in the death 
of the leaves. The effect of a 
severe foliage attack is to bring 
about partial defoliation, and 
except for a tuft of small leaves 
at the ends of the shoots some 
branches may be quite de- 
nuded of leaves. An affected 
tree may often be left with 
only a quarter of the foliage of 
a healthy tree, and if attacks 
are recurrent every year the 
amount of wood formed be- 
comes less every season. Early I 
attacks on young nursery 
growth may prevent the forma- 
tion of wood entirely ). Fruit j 
buds usually suffer more from 

the mildew than vegetative , , , , , . 

, j - ^ ^ , Fig. 336. — ^Apple mildew (Podosphaera leucotncha). The 

buds, often to such an extent „„ ,tems, leaves, and blossom (photo V.S. Dept. 

that they fail to produce any Agric. Frmrs\ Bull. 1120 by permission of H. P. Gould) 
blossom at all. Those attacked 

in blossom may show the flowers with distorted sepals and pedicels, with the petals 
unusually narrow, and pistils and stamens are frequently sterile so that no fruit is 
formed Fruits attacked when young remain small and deformed and tend to 
develop a roughened surface. 


Apple mildew is caused by Podosphaera leucotricha (Erysiphaceae). The superficial 
mycelium, which sends haustoria into the epidermis (Fig. 337), gives rise throughout the 
season to a profusion of aerial conidiophores on leaves and young shoots. Each conidio- 
phorc develops a chain of conidia which are set free and dispersed by wind. The conidia 
are oval, and measure from 28 to 30 by 12 ft. The fungus also produces perithecia 
(cleistocarps), and though by no means scarce, they appear, at least in some countries, to 
play little, if any part at all, in carrying the disease over from one season to the next. 
They have been found in England on some varieties as early as May, and on strong-growing 
twigs may continue to be formed well into the summer, hnd on which they persist through 
the winter. They occur mostly on the current season’s wood (rarely on older wood) and 
may sometimes be found on sucker growth at the base of the tree, on the midrib and larger 
veins of the leaves, or on leaf stalks, rarely on the,fruit<**>. These fructifications are 
globose-depressed, black, partially embedded in the mycelium, and measure from 75 to 
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96 jx in diameter. They are furnished with two kinds of appendages ; those which spread 
out from the apical, depressed part are long, stiff and bristly, while the others which 
emerge near the base are short and tortuous and evidently serve to secure the cleistocarps 
to the mycelium ; the function of the apical appendages is not clearly known but may 
possibly be that of retaining moisture within the depressed apex of the cleistocarp. The 
cleistocarp opens irregularly, and the single ascus, 55 to 70 by 44 to 50 /x, may be 
entirely and violently ejected, carrying with it all its 8 ascospores (which measure from 
23 to 26 by 12 to 14 /x), or only its tip may extrude through a slit in the top of the 
cleistocarp, before it breaks open to set free the spores, but as a rule the entire ascus is 
shot forth and in contact with water it explodes to set free the spores. Little is known 
about the germinating capacity of the ascospores 

Though cleistocarps may in some localities enable the fungus to survive through 
the winter to bring about primary infections in the spring, they do not appear to 
fulfil this function in Britain. Here and in most places the fungus survives in the 
form of a resting mycelium in the buds. The early symptoms of mildew, above 
described, which appear in the spring at the bursting of the buds are traceable 



Fig. 337.— Uucotricha, A, diagram of section through infected axillary bud (in 
January), showing normal hyphae and haustoria ( x 40). B, a hypha with haustorium ( x 330). 
C, median section through dormant bud of infected terminal shoot, after removal of bud scales 
( X 17). JD, E, haustoria, latter binucleate ( x 800). F, encapsuled haustorium in enlarged 
eindermal cell ( x 140). O, the same, showing a disorganising nucleus, and barrier ( x 580). 
St, the cleistocarps (after Woodward, Trans. Brit. Myc, Soc.) 
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to a hibernating mycelium which had become established within the buds during 
the previous season, and these early appearances of the fungus constitute the 
primary infections. Once the mycelium comes to the surface of these early 
infected shoots, conidiophores and conidia are soon produced in abundance ; and 
whilst it is believed that no general infection occurs other than that arising from 
infected buds observations are not wanting that the mildew can also spread 
by secondary infections 

A high degree of atmospheric humidity is more essential for successful pene- 
tration of the leaf by the germinating conidia, than actual moisture on the lamina. 
The conidia germinate at an optimum between 19° and 22°, or 2^^ C. 
and the superficial mycelium grows well at 20° C. ; temperatures of 33° C., 
and over, are fatal to the conidia. A dry but turgid leaf, its cells of high water- 
content, offers the best conditions for mildew attack. The germ-tube penetrates 
the epidermis direct without forming an appressorium, and a simple, spherical 
haustorium early becomes established in the entered cell. In the leaf, most of 
the infections go no further than the epidermis before the developing hyphae 
spread out over the leaf to form the superficial mycelium, but in severe attacks 
the fungus may sometimes penetrate further into the mesophyll, and though it is 
difficult to establish their presence, there is some suggestion of the development 
of haustoria in the mesophyll cells, but normally these absorptive organs are 
confined to the epidermal cells. No doubt, such cases of mesophyll, in addition 
to epidermal penetrations follow upon decrease or loss of resistance in the leaf 
and there is evidence that resistance to infection increases as the leaves get older, but 
even then such resistance can be partially broken down by abrading the cuticle 

From the time that infected buds produce their conidia-laden shoots in spring 
there is barely a month's interval before the fungus investing these young shoots 
proceeds to provide for next year's infections. This it does by attacking the tender 
buds in the axils of the mildewed leaves. At such an early stage of development 
the axillary buds are imperfectly protected against attack especially at their tips 
where scale leaves often fail to meet, thus offering an ideal means of entry for the 
parasite. Not only leaf buds, but fruit buds on the terminals of spurs also become 
similarly invaded. It all depends upon the severity of attack in these early bud 
infections whether the young buds are killed outright or whether they survive ; 
surviving buds develop better protection by additional bud scales ;and become 
effectively sealed up. Thus protected by more effective bud scales, the mycelium 
nesting between the scales is enabled to survive on the tree throughout the winter, 
and remains dormant until the spring when the cycle of primary infections starts 
over again, the period of perennation being roughly about eleven months. Mean- 
while the imprisoned mycelium has maintained itself within the buds by establish- 
ing haustorial connections with the bud tissues, and there is little doubt that 
the haustoria -in the leaf tissues enclosed by the bud scales play a vital part in 
perennation 

There is no definite evidence that outbreaks of mildew are favoured by one 
type of climate more than another, and while it is stated that the trouble in some 
localities is worse in hot aiid dry seasons, in others it is said to be encouraged by 
warm, moist summers, or by cool, damp sunless weather *5). The disease 
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is generally worse in overcrowded orchards and on ill-ventilated espalier growth 
than on trees of the same age and variety, planted well apart Some state that 
the trouble follows on an exceptionally late and cold spring. Such was the ex- 
perience in Czechoslovakia where, after an entire absence of the disease in 1927, 
the mildew broke out severely in 1928 following upon low temperatures in the 
spring, indicating that the disease had been dormant since 1926 when the trouble 
was reported to be very severe in 1927, in a locality in Czechoslovakia, 
P. leucotricha was found to be the cause of a graft- malformation resembling 
witches* broom 

Though there is no evidence that specialised forms of the mildew exist, the 
fungus reacts differently on some varieties of apple ; for instance, it affects the fruit 
of some kinds more than others. The same mildew which, less frequently, attacks 
the pear shows no morphological differences from that affecting apple, but it is 
noteworthy that cleistocarps are of commoner occurrence on the fruit of the pear 
than on the twigs. These fructifications are also common on some particular 
varieties of apples, more than others, notably Lane*s Prince Albert and Early 
Victoria, whereas on other apple varieties they are to be found, in general, on the 
twigs. Apples and pears differ considerably in varietal susceptibility to mildew 
and comparatively very few exhibit a high degree of resistance to the disease 

Poor soil and wrong cultural practices are largely responsible for epidemics 
of apple mildew. But even slight differences of habitat, connected with exposure 
and altitude mainly, play an appreciable part in the course of infection In 
general, the trees are less resistant when grown on heavy clay than on moderately 
light soils. Good control over the disease can be obtained by improved cultivation, 
adequate manuring and well-balanced pruning to stimulate vigorous growth 
Since the initial outbreaks of mildew in the spring start from infected buds, all 
shoots mildewed during the season should be removed early because it may not 
be so easy to distinguish them, later on, from healthy shoots. When the buds 
open in the spring, all shoots showing signs of mildew should be cut off, and 
though this may entail considerable loss of blossom their removal will help greatly 
to reduce the chances of bud infection. Experiments connected with ‘ plant 
injection * in general pathology, showed that apple-shoot treatnlent with sodium 
thiosulphate controlled infection with P. leucotricha 

To protect the trees against external infection it is recommended to spray at 
intervals with lime sulphur as follows ; 

{a) 1/15 dilution, when the buds are green (‘ green-tip * stage) ; 

{b) 1/35 dilution, at ‘ open-cluster * stage ; 

(c) 1/60 dilution, at blossoming (* full-pink * stage) ; 

{d) i/ioo dilution, when about half the petals have fallen ; and 
(^) Followed at 10 to 14 days* intervals with the same strength of 
fungicide *7). 

Obviously, winter spraying of the trees is useless since external application of 
the fungicide would have no effect on dormant mycelium in buds protected by 
thickened scale leaves Application of atomic sulphur in dry or liquid form 

is also recommended, the latter in the proportion of 10 lb. per 100 gallons of 
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water ^ 5 , 7). As already indicated in sulphur treatment of apples against disease 
(p. 232), some varieties are intolerant of this mineral, and, for these, sulphur- 
sensitive kinds, spraying with washing-soda and soap (p. 820) is advised. 
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Blue Mould of Apple, Penicillium expansum Thom 

Blue mould is often responsible for serious wastage of all kinds of apples in 
storage. It produces a rapid, soft kind of rot which may start at any point on 
the surface of the fruit. The affected part soon becomes covered over with tufts 
of the bluish-green fructifications (Fig. 338) of Penicillium expansum causing the 
rot, and this fungus is probably the most common of all organisms which may 
be found at all times on harvested apples and other fruit In some of the larger 
fruit-growing areas, where it is the custom to wash the apples before packing, 
it has been ascertained that several million spores of this fungus pass through the 
washing tanks after a day’s run, so that the number of spores ordinarily carried 
into the packing rooms and boxes of unwashed fruit sent to market, ready to attack 
the fruit through the smallest abrasion, must be enormous 

The fructifications of P. expansum on the apple are those which bear conidia ; 
the perfect ascigerous stage of cleistocarps has not been found. The former consist of 
rather large, blue-green tufts or coremia of conidiophores, around the points of infection. 
The conidiophores are smooth, long, and intertwined into fascicles. The ultimate 
, branches of the latter are arranged close together and finally terminate in narrow phialides 
7 to 9 by 2*5 /X wide, which bear long, loose chains of broadly elliptical conidia (phialo- 
spores) measuring on an average 3*5 by (Fig. 77 c). 

Infection of the fruit usually takes place through wounds in the skin, such 
as would be caused by ins^t b ites, carel ess picking, or rough treatment injthe 
p rocess of washing or storing ] Inf^tioiTislilso belie^ 3 ^ 6 * 15 cHf^tfo the 
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Fig. 338 — Blue mould of apple {Penuilltum expansum) showing clusters of the blue-green 

conidial fructifications (photo by Wormald, Diseases of Fruits and Hops, Lockwood). the 
early, white mycelial condition (photo by Foister & Noble) 


lenticels in the epidermis of the fruit, though it has been established that the 
presence of small brown spots just below the lenticels is not always traceable 
to fungal infection but to a physiological disturbance of the apple tissue in the 
neighbourhood of the lenticel, and formed quite independently of infection ^2, 15)^ 
Lenticels on the fruit, however, are normally not so well organised as those on 
the woody stems, which are furnished with phellogen, and those on the fruit 
may remain more or less permanently open for gaseous exchange, or become 
imperfectly closed merely by an extension of the cuticle or by cutinisation of 
the exposed cell walls, and, therefore, are more open to infection ^ 7 ). On the 
epidermis of very young apple fruits long hairs are also present, and if these are 
broken off near the base, infection may enter at the scars or hair pits. During the 
swelling of the fruit, the epidermal cells divide and keep pace with its growth, 
but at points where stomata, lenticels, and hair pits have been imperfectly sealed, 
breaks in the skin are liable to occur, thus giving the fungus open access to the 
pulp It is also said that infection can enter the apple, after picking from 

the tree, by growing down the stalk into the fruit ^ 5 ). 

There are numerous factors which appear to encourage lenticular infection. 
It is said to be more prevalent in some localities than others, or on different 
varieties of fruit, and to occur more on fruit borne by young than by older trees 
While the number of lenticels per unit area is said to vary according to the variety, 
certain factors of the environment also appear to control their number and develop- 
ment. Thus the variety Winesap, when cultivated under conditions of high 
humidity, had a greater number of lenticels than under drier atmospheric con- 
ditions, but with the variety Delicious the reverse was the case On both of 
these varieties in Washington, the mould was more rapid in the fruit picked 
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from trees receiving manurial treatment than in the control trees, and in apples 
picked at their prime than at early maturity Other factors again, probably 
operating during the gro^vth of the fruit, may bring about changes which induce 
the lenticels to close, and this phenomenon appears to be controlled by the rate 
of dehydration in the epidermal tissue ; apples picked about a fortnight before 
they are ripe respond quicker to lenticel healing than those left on the tree until 
the usual harvest period. 

There is little doubt that Penicillium is often capable of infecting the fruit 
through the lenticels, not so easily perhaps as through open wounds. At the 
lenticels there is more rapid volatilisation of certain products of the fruit than at 
cuticle covered areas, and through the uncutinised cells immediately below the 
lenticels diffusion of nutrients takes place The presence of these nutritive 
materials at the lenticels assists the spores to germinate and penetrations naturally 
take place at these openings. When drops of water are placed over the lenticels 
the amount of infection may be increased up to 26 per cent., and up to 48 per cent, 
if drops of nutrient material are added 

Other conditions such as temperature and moisture relations in the store 
being constant, the rot tends to increase with the length of the storage period, the 
deterioration being due to increased susceptibility consequent upon increase in 
the amount of nutrients escaping by diffusion Decay is thus favoured by 
long storage. 

This disease may be checked to a great extent if reasonable care is taken to 
avoid wounding the fruit at harvest. As already mentioned, picking the fruit 
before it is ripe decreases the chances of lenticular infection, and harvesting in 
dry weather obviously reduces the risk of disease. Low temperatures of cold 
storage actually do little more than keep the fungus in check ; they do not inhibit 
penetrations through wounds or lenticels, and once infected fruit is removed 
from low to higher temperatures, these suppressed infections make rapid advance 
Spores of Penicillium are capable of survival in packing boxes for a long time, 
and such containers offer infection every season unless periodically washed with 
fungicide. For this. purpose baskets, boxes, etc., should be sprayed with a strong 
jet of steam or cleansed with a solution of sodium hypochlorite (having about 0*4 
per cent, available chlorine) ; the fruit may also be steeped for a short period of 
I minute in the same solution 3, 14), 
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Apple Canker, Nectria galligena Bres. 


Canker is, no doubt, one of the most serious diseases that affect apple trees. 
It is common in all fruit-growing districts of northern Europe, north-east and 
north-west parts of the United States, south Canada, Australia, New Zealand, 
and other areas 

Trees of all ages may be attacked, including standard and bush kinds, cordon, 
and nursery plants. Trees which may show no visible signs of the disease at plant- 
ing, but which later, perhaps a few months or the summer following, prove to be 
infected, may be lost during the first or second year through canker 

Early signs of the disease occur most frequently at leaf scars, or around the 
nodes, or at the base of small branches or spurs. The most serious cankers are 
those which develop at the crotch, where they may cause the death of several 
branches, if not of the entire tree An incipient canker developing at a leaf 
scar or around a wound begins as a small spot, at first only slightly darker than 
the healthy bark, but soon turns into a dark, purplish-brown area. The spots 
measure from 2 to 3 mm. in diameter and may increase up to 15 mm. By shrinkage 
of the covering tissues, young cankers develop a rugged appearance, the bark 


becomes sunken, and the area gradually extends so as to girdle the twig or spur, 

the depressed area by now showing a 



FiC. 339 . — Apple canker {Nectria galltgena), A 
severely cankered branch (photo by Dillon 
Weaton). Inset, a cluster of the red penthecia 
pn a branch ( x 24) (photo by Radford) 


more or less concentric arrangement 
of ridges on its rugged surface. In- 
fection, moreover, causes hypertrophy 
of the tissues around the developing 
canker, and when the overlying bark 
eventually gives way, deep cracks are 
formed which often reach down as 
far as the wood. It is due mostly to 
increasing exposure and drying of the 
woody tissues and those of the vital 
phloem and cortex, in the vicinity of 
the cracks, that progressive cankers 
become so ruinous to the trees (Fig. 
339). Whilst the foliage itself is not 
directly attacked, considerable loss of 
leaves and fruit spurs follows upon a 
die-back of branches due to girdling 
cankers, especially if the latter occur 
low down on the trees. 

Apple canker is caused by Nectria 
galligena a member of the Pyreno- 
mycetes. The same fungus causes similar 
cankers on pear trees, and the fruit of 
both trees sometimes suffers from a form 
of ‘ eye rot causing it to become dry 



Fig 340. — Apple canker (Nectria galhgena). Cross-section apple stem showing early formation 
of a conidial lesion ; the deep-seated mycelium disorganises the phelloderm and becomes 
aggregated into dense masses below the cork layers which are broken through (the section has 
not quite passed through the break). Inset, showing the formation of the massive sporo- 
dochium elements, from the dense cushion, and the formation of the septated conidia (from 
a slide made by Smith) 



Fig. 341. — ^Apple canker {Nectria galligena). Cross-section apple stem showing three perithecia 
arising from mycelium beneath the bark. Insets, in circle, the ascospores, some one-celled, 
but mostiy two-celled, with early germination ; at centre, two asci with spores (from a slide 
made by Jamieson) 
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and mummified, believed to 
be due to this same organ- 
ism 7). There are two types 
of fructifications, the conidial 
^ {Fusarium willkommii) and the 

V perithecial 

' * During late winter or early 

spring, many of the small 
cankers occurring at leaf scars 
u on the previous season’s wood, 

"" may be seen furnished with 

creamy pustules of conidia, 
frequently in concentric ar- 
rangement around the lesion. 
Warm spells in March and 
April favour their appearance 
and conidia may continue to 

Fig. 342 — Perithecia of apple canker on a mummified apple develop as far on as October, 

(variety Worcester Peaimain) (photo by Dillon Weston, if the weather is humid and 

Trans, Bnt Myc. Soc.) warm with frequent rainfalP‘*>. 

Conidia examined from the 
cankers (Fig. 340) are cylindrical, hyaline, slightly curved, usually 5- to 7-septate ; they 
measure from 65 to 75 by 4 to 5 /x ; in culture, much smaller, hyaline, ellipsoid micro- 
conidia, 5 to 7 by i to 2 /x, are also formed, but so far as is known they are functionless 
On older cankers and on the ridged and cracked dead wood, bright red clusters of peri- 
thecia break through the bark from October onwards (Fig. 339, inset), and are usually 
fairly abundant in December if conditions are moist, but dry weather retards their ap- 
pearance ; they are not numerous on small cankers on young wood. Perithecia may 
occur singly, or in dense groups, but with no definite stroma ; they are ovoid to pyriform, 
300 to 450 by 250 to 350 /X (Fig. 341) ; asci, numerous, clavate, 8-spored, measure 
from 85 to 120 by 10 to 16 /x ; ascospores, hyaline or slightly yellow, 2-celled, often 
constricted at the middle, vary from 11*5 to 22 by 5*5 to 9-2 /x (mean, 16*3 by 7*5 /x) ; 
the ascospores emerge through the ostiole in white or buff-coloured tendrils <3). Conidia 
and perithecia may also be found on fruit affected with ‘ eye rot and perithecia (Fig. 
342) have been found on shrivelled apples that have over-wintered on the tree Dis- 
charge of ascospores, beginning about December, depends a great deal upon the degree 
of rainfall, is usually at its peak in February, declines to a minimum during September, 
and then gradually rises again in October and November It is evident, therefore, 
that the trees are surrounded with infective material, conidia or ascospores, practically 
all the year round, dormant period included. 


Infection may be caused both by conidia and ascospores. Entry is effected 
through wounds in the bark, or through lesions previously made by the ‘ scab 
fungus {Venturia inaequalis)^ and especially through imperfectly protected leaf 
scars (Fig. 106), soon after fall of the leaves 16)^ spores, dispersed by 
splashing rain and wind, and perhaps by birds and insects, germinate on un- 
protected wounds or in tiny cracks in the leaf scars. In due time infection reaches 
the stem, and after much destruction of cortex and phloem, the fungus attacks 
and destroys portions of the cambium, often far beyond the area defined by the 
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limits of the future canker. In the parenchyma of the cortex, deprived of its 
starch contents consequent upon infection, the fungus is inter- and intracellular, 
and after crossing the phloem and cambium it passes into the woody cylinder 
by penetrating the living cells of the medullary rays. Though not actually invaded 
by the fungus, the lignified tissues become heavily browned far beyond the limits 
reached by the fungus in the parenchyma As more and more of the cambium 
becomes involved in infection, the wider and deeper the inroads into the wood 
become ; inoculations with spores inserted into freshly wounded cambium are 
followed by much more severe cankering than when performed on natural lesions, 
such as cracks in leaf scars ; and there is no period from October to March at 
which infection fails on newly made wounds 

Canker is a disease of damp climates. The trouble is more prevalent in the 
west than the east of England, largely on account of climatic conditions ^ \ Though 
conidia and ascospores germinate over a wide range of temperature, from 2° 
to 30° C., they are sensitive to desiccation, but short intermittent periods of dry 
weather are not a check to the disease. The optimum for growth of the fungus 
lies between 18° and 24° C. 

Canker is much more prevalent on low-lying sites, on clay sub-soils, in water- 
logged acid soils, and in soils rich in nitrogen but deficient in other minerals, than 
in moderately fertile, non-acid permeable soils In culture, the optimum 

acidity for growth of the fungus lies between pH 4-2 and 5*2 ; the reaction of sap 
obtained from fresh bark varies from 4*2 to 5*0, values which closely approximate 
the requirements of the organism in culture 

There is no clear evidence that the type of root-stock has any considerable 
influence on the susceptibility of the scion to canker It is recorded at East 
Mailing, however, that the varie^ties Cox^s Orange Pippin and Stirling Castle 
turned out to be more susceptible when worked on root-stocks ‘ XIII * and ‘ XVI * 
than on any others 

The varieties Lord Suffield, Cox's Orange Pippin, Warner's King, Worcester 
Pearmain are very susceptible to canker ; Bramley's Seedling, Lane's Prince 
Albert, and Newton Wonder are more resistant ; among cider varieties, Ellis’s 
Bitter, Royal Wilding, and Silver Cup are very resistant, while Kingston Black 
and Cap of Liberty are very susceptible 

Trees heavily cankered should be destroyed. Others less affected may be saved 
if cankered branches are cut back beyond any trace of brown discoloration in the 
wood, the wounds being suitably protected. All prunings and shrivelled fruit 
should be collected and burned. Strict attention to cultural methods are especially 
desirable since infection is practically never absent from the orchards, and the 
method of ‘ grassing-down to reduce vigour, helps to reduce susceptibility to 
canker, though in the case of younger trees and nursery stock strong growth is 
essential from the start 

Protection against canker by spraying is directed chiefly against the activity of 
leaf scar infections. The selected fungicide must have good adhesive and wetting 
properties ; Bordeaux mixture, in the proportion of 8 lb. copper sulphate, 16 lb. 
hydrated lime, with 4 lb. casein and i gallon of petroleum oil, in 100 gallons of 
water, gives good results. It is usually applied first in April, and again in the 
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autumn as soon as possible after leaf fall. For the protection of pruning cuts and 
wounds the parts should be painted over with a paste made of 5 grams of mono- 
hydrate copper sulphate, 10 grams of hydrated lime and 9 ml. of boiled linseed 
oil. Pruning operations should be carried out during dry, frosty weather, when 
conditions are not favourable for spore-dispersal ; late pruning, as in March, 
prolongs susceptibility as the wounds are slower to heal at that time, and with the 
advent of spring, rising temperatures become more and more favourable for spore 
germination 
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Bitter Rot of Apple 

Glomerella cingulata (Stonem.) Spauld. & von Schrenk ; 
and Gloeosporium album Osterw. 

Nutnerous fungi attack apples during growth and storage causing considerable 
losses and wastage 9, n, u, 26) Thos^ concerned in ‘ bitter rot ' are Glomerella 
cingulata^ a member of the Pyrenomycetes, better known in its conidial stage ^s 
Gloeosporium fructigenum and, to a lesser extent, a related species Gloeosporium 
album The former species has a wide range of hosts which include apple, 

pear, quince, grape-vine lemon flowers and fruit of the mango 

coffee privet \ and many others But it is by no means clear whether 

the fungus on all these hosts is G. cingulata, and other species attached by some to 
the genus Gloeosporium, and by others to the genus Colletotrichum, are also said to 
be implicated Bitter rot is believed to be of American origin and in the 
southern parts of the United States it causes great destruction in apple orchards 
during warm, moist seasons 2, 3, 6 , 7, 8 , 10, 17)^ 

Apples are liable to be attacked during all stages of growth, and the rot may 
continue in storage. In Britain the trouble is apparently confined to the fruit 
(Fig. 343), but in America there is also a cankering of the branches. The leaves 
are not usually affected. Early spots or blisters on the fruit are small, brown, and 
rapidly increase in size up to i inch in diameter if relatively few in number, and 



CH. XV 


FRUIT 


729 


up to about I inch if numerous and 
smalL As the spots increase in area or 
become joined by coalescence, infection 
spreads into the interior of the fruit in 
the form of one or more cones of rotted 
tissue, and an entire fruit may become 
involved, or a cone of decay may de- 
velop no further and dry out, leaving 
a cavity covered over by the dried 
and blackened skin In this way 

affected fruits may become mummified 
while still on the tree, or in store, and 
are the chief means of infecting sound 
fruit. 

The acervular fructifications appear in 
great number in more or less concentric 
groups over the sunken areas of the fruit 
and finally break through the skin as 
small black points exuding pink beads or 
tendrils of conidia embedded in mucilage. 

The conidia are colourless, cylindrical, 
unicellular, and measure from 15 to 30 
by 5 to 6 /X ^23), The spots caused by 
Gl. album are smaller than those due 
to Glomerella, brown, and, under moist 
conditions fringed with white hairs ; they 
appear mostly around the lenticels ; the 
conidia are oblong, slightly curved, from 
18 to 27 by 2*5 to 4/Lc Perithecia 

of Glomerella cingulata have been seen 
on old fruits and cankers and in cul- 
ture but are very infrequently found 
in nature ; in the cankers they are grouped 
and sunken ; the asci measure from 55 to 
70 by 9/x ; the ascospores are similar to the conidia, and range from 12 to 22 by 3 to 5 /u. 

Cankers on the branches arise through wound infections, often around the 
base of dead twigs They are black, sunken in the bark, roughly oval in outline, 
old cankers showing cracks or fissures running parallel with the edges, giving the 
canker a zoned effect. The mycelium which survives in the cankers over the winter 
forms acervuli similar to those found on the fruit lesions, and the spores are 
exuded in tendrils in the same way. The fungus also hibernates in mummified 
fruit left on the tree, or on the ground, and is stimulated to growth when the warm 
season returns, giving rise to conidia which are mostly dispersed in raih-drops 
from mummified fruits on to sound fruits on the tree, or carried by birds or insects 
from the rotted fruits on the ground. 

Conidia germinate on the fruit with the production of appressoria, and infection 



Fig. 343. — Bitter rot of apple {Glomerella angu- 
lata and Gloeosponum album). A, the rot due 
to G. album. B, due to G. cingulata (photos 
by Wilkinson, by permission of Long Ashton 
Res. Station) 
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is probably through small abrasions or by way of lenticels. Unopened pustules 
about to give rise to acervuli are filled with a dark-olive mycelium which forms a 
dense array of short conidiophores ; the conidia, hyaline singly, pink in the mass, 
are abstricted in great number, and are exuded at the ostiole in mucilaginous 
tendrils. 

For the control of bitter rot, spraying the trees three times with 4 : 4 : 40 
Bordeaux mixture at intervals of 10 days is recommended, the first application 
being given when the last of the petals are falling Mummified fruits should be 
collected and destroyed and all cankered wood cut out. To avoid bruising of 
twigs and branches, all pruning operations should b^ carefully performed, and 
hand-picking of the fruit will ensure freedom from injuries and so prevent the 
spread of the disease in storage. 
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Apple Scab, Venturia inaequalis (Cooke) Wint. 

Apple scab is probably the commonest of all diseases of the orchard. It 
occurs throughout Europe, and in America is prevalent more in the northern 
than the southern parts of the United States ; it occurs also in southern Canada, 
Australia, New Zealand, South Africa, Cyprus, Malta, and India s*). 

The disease attacks the leaves, shoots, buds, and blossoms, as well as the fruit. 
In its familiar form of dark spots on the fruit it renders the apple very unsightly, 
and is responsible for ‘considerable deterioration of fruit in storage, especially as 
the lesions allow the spores of common moulds, such as those of ‘ blue mould ’ 
{PemciUium expanmm, p. 721) and ‘ pink rot ’ {Trichothecium ro$eum) to enter and 
cause decay < 3 ), Moreover, following upon severe infection of the foliage, disease 
and defoliation result in a weakening of the trees and premature dropping of the 
fruit <’>. 
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Symptoms on the leaves consist of 
a number of scattered, roughly circu- 
lar, brown or olive-green spots around 
which a dendritic margin (like fine 
branches) may be seen under the 
cuticle, due to fungus-mycelium radiat- 
ing and branching all around the spot 
(Fig. 344 b). Later, the spots turn grey 
and necrotic in parts, the latter some- 
times dropping out ; or, the local effect 
on the leaf may be a malformation, 
thickening, and puckering of the lamina 
around the infected areas which then 
assume a brown velvety texture. But 
leaf symptoms vary somewhat on dif- 
ferent kinds of apple trees, and some- 
times the leaf may be covered in parts 
with irregular, diffused spots or develop 
a blistered effect due to inequality of 
growth below the spots, or the blade 
may appear as if scorched. Spots may 
arise at either surface of the lamina, but on the youngest leaves as they emerge 
from the bud, the exposed lower surface becomes aflFected first. 

A close examination of the tips of some of the branches in spring (sometimes 
earlier) prior to leafing may show on many varieties of the trees (not on all) small 
spots on the bud scales and on adjacent parts of the stem itself, and when flower 
buds are showing, similar spots may be seen on the protecting sepals as well. 
These bud-scale and shoot lesions play an important part in carrying the disease 
over from year to year ; they are further discussed below. When the trees are in 
flower, lesions may be seen not only on the sepals but also on the flower stalks, 
and if severe these may girdle the stalks and cause flowers or young fruit to drop. 

The fruit is the part to suffer most from the ravages of scab (Fig. 345) and it 
may be attacked at any time during its growth 60) Early signs of the disease 
on young fruit are of smaller, much darker spots than those on the leaves, but they 
have the same kind of dendritic margin showing under the cuticle. Early fruit 
lesions usually bring about much deformity of gro^vth, often causing the apple to 
crack, and the fruit remains small. As the spots on young fruit keep pace with its 
growth and develop spores, they act as additional sources of infection, and spores 
discharged from them, or from other parts of the tree, are deposited on other 
portions of the fruit, causing fresh spots to appear. It is believed that all infections 
which sooner or later appear on the fruit are contracted whilst the fruit is on the 
tree. As the fruit ripens the spots vary greatly in appearance, mostly according 
to the variety of apple, some growing apace and sporulating, but in general, towards 
the autumn fruit spots remain small, black, or chocolate-coloured, and the cuticle 
covering them usually remains unbroken though may sometimes be slightly 
abraded After harvest there is no further spotting of the fruit, and what are 



Fig 344 — Apple scab {Ventuna tnaequalu) A, 
healthy (left) and scabbed (right) wood of 
Wellington apple R, under side of leaf of 
variety Bismarck, with blotches of the coni- 
dial stage on blade and midrib C, scabbed 
twigs of variety Cox’s Orange Pippin (photos 
b> Salmon & Ware, Wye Reports) 
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Fig. 345. — Apple scab. A number of young fruit 
and a mature one severely affected (photos 
by Salmon & Ware, Wye Reports) 


apparently fresh spots which break out 
after picking, or in storage, result from 
late infections which had already been 
contracted on the tree. Lesions which 
appear on infected apples placed in 
storage assume most diverse forms ; 
^hey are generally small, pitted or 
saucer-shaped, brownish black, black, 
or dull grey, and are often collected 
on that half of the fruit near the stalk, 
few appearing towards the calyx end, 
the explanation being that the stalk- 
half, being uppermost on the pendent 
fruit on the tree, is liable to hold drops 
of water favourable to the retention 
and germination of any spores that 
may have collected there. Whilst early 
lesions on fruit on the trees usually 
occur near the calyx end, and are 
naturally the first to become healed 
over with cork after sporulation has 
finished, other stalk - end infections 
usually occur too late before picking 
to be checked by cork formation, with 
the result that they continue to grow 
in storage 

Apple scab is caused by the Ascomycete 
Venturia inaequalisy a member of the 
Sphaeriales ; there are two stages in the 
life-history, viz. the more important con- 
idial phase (Fusicladium dendriticum) on all 
the affected living parts of the host, and 
the less significant perithecial, Venturia-^ 


stage occurring on over- wintered leaves on 
the ground. The conidial stromata are sub-cuticular (Fig. 346 b) ; the brown, wavy 
conidiophores, 50 to 60 by 4 to 6 /x, abstrict from the apex, ovoid, olive or olive-brown 
conidia 28 to 40 by 7 to 10 /x in culture, as many as 4 or 5 conidia may arise at or near 
the top of a conidiophore, but on the host they are developed one at a time Conidia! 
pustules on the fruit show the dark olive conidia surrounded by a fringe of white, torn 
cuticle. 


Before leaf-fall, the mycelium of the sub-cuticular stromatic tissue that gave rise to 
conidiophores and conidia on the leaves extends itself into the mesophyll (Fig. 346 a), 
where, chiefly in parts of the spongy parenchyma it proceeds to lay down primordia 
destined to become perithecia, but the latter do not complete their full development until 
the leaves have over-wintered on the ground (Fig. 346 c). Perithecia are fairly common, 
and though known elsewhere for a long time, were first found in England in 1923 at 
Maidstone On leaves kept in the dark, they are said to develop abnoitnally^*^>. 
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These fructifications appear as small, dark-brown or black pimples embedded in the leaf, 
opening by a short beak towards either side of the leaf which happens to be uppermost 
on the ground ; they are spherical, 90 to 170/x in diameter ; the 8-spored asci 

lengthen considerably when mature and so carry the uniseriate ascospores well up into 
the ostiole for discharge ; the spores are pale-green, 2-celled when mature (the upper 
cell is the smaller), and measure from 12 to 15 by 6 to 7 /x. 

V, inaequalis is a complex of numerous strains highly variable in morphological 
and physiological characters Monoconidial cultures collected from a number 
of apple varieties cultivated under uniform conditions showed a striking degree 
of pleomorphism as exhibited by the type and rate of mycelial growth, its 
colour, degree of sporulation, and appearance of mutant forms ^44), Furthermore, 



Fig. 346 . — Venturia inaequalis. A, transverse section apple leaf, soon after leaf fall, showing a 
number of defunct conidiophores, but with the mycelium now invading the mesophyll, occupy- 
ing the intercellular spaces chiefly but some of the cells as well, in preparation for hibernation 
on the ground. R, portion from a leaf section showing the sub-cuticular mycelium at time of 
active formation of conidia, whilst the leaf is still on the tree ; at this time the mesophyll is 
practically free from mycelium. C, section of a perithecium, within a decayed leaf on the 
ground, showing asci and spores. (A, B, orig., C, after Wallace, Cornell Univ, Bull, 335) 
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numerous isolates of ascospores which were carried through repeated monoconidial 
transfers showed the existence of ‘ groups ’ of strains ; some groups were sexually 
compatible, others self-sterile, others intra-group sterile or inter-group fertile, and 
other groups differed from their parent isolates in degree of pathogenicity, and one 
type even produced white lesions on the leaves 

Conidia and ascospores are capable of causing primary infections of the trees 
in the spring. In the British Isles it is the general observation that the conidial 
pustules which remained protected over winter on the young one-year-old shoots, or 
on the bud scales, provide the earliest sources for the spring infections ^3, 47) (Fig. 
93) ; in some localities primary infections have been found well established long 
before the perithecia on the ground had begun to discharge their spores is, 28, 29), 
But the ascospores also give a high percentage of primary infections in many 
localities and in certain seasons, according perhaps, to meteorological conditions 
(27, 46, 57) they are the principal source of infection 57), in certain parts of 

America 20, 23, 55)^ Germany ^^7, 57)^ and New Zealand the critical periods of 
infection coincide with the incidence of ascospore discharge. Drought in early 
spring checks the development of the perithecia on the ground, and the disease 
under such conditions may break out later than usual ; on the other hand, it may 
appear earlier if the weather is wet in early spring, though intermittent periods of 
wet and dry are equally favourable to perithecial development and discharge of 
ascospores. Moreover, depending on the mildness of autumn weather, or on 
varieties of the trees such as retain their foliage longer into the autumn than others, 
a delay in the fall of the leaves, involving therefore a delay in the ripening of the 
perithecia, may in some cases account for a later appearance of the disease in the 
spring ^55). It is obviously of importance in connection with the forecasting of 
ascospore discharge and the right time for spraying against scab to determine 
the first ‘ puffing ’ of the spores from the perithecia. (This can be detected if 
the fallen leaves are breathed upon and examined, back to the light, with a good 
hand lens.) Matured ascospores protected within the perithecia can tolerate dry 
conditions and retain their vitality for several months ^53), 

Sporulation (whether of conidia or ascospores) is generally active during April 
and May, when the buds are unfolding. According to the locality and weather 
conditions, however, the over-wintered pustules on scabbed twigs and bud scales 
may produce conidia as early as February, and the bud scales may continue to be 
infective until they drop off in early summer. 

The conidia are easily dislodged from their pustules on twigs or bud scales and 
may be distributed in splashes of rain, or the young leaves may become infected 
from them by direct contact with the pustules ; aphides are also suspected of 
carrying the conidia on their hairy legs ^7). From the primary lesions eventually 
set up, mainly on the leaves of flowering spurs, secondary infections of foliage 
and fruit take place during wet periods on a wide scale. 

Conidia are capable of germinating over a range of temperature from 2° to 
30° C., vidth an optimum at 22° ; the ascospores have a narrower range of 10° to 
18° C. 55) ; the optimum for infection with conidia lies between 8° and 10° C., 
and for ascospores about 19° C. ^57) ; ascospores were found to mature slowly in 
leaves kept at low temperatures of 4"^ and 7° C., developed better at 12® and 16^ C., 
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with an optimum near 20° C,, but at za ^ C. their formation ceased ; the perithecia 
may, however, discharge their spores over a wide range of temperature, from 
0*5° to 32® C. ^^3). 

Histological studies of early infections on leaf and fruit have been carried out 
with conidia and ascospores Only young leaves are susceptible, and late- 

season infections have practically no effect on mature leaves. The young leaf 
must be thoroughly wet, prior to infection, and penetration, which is direct, may 
occur at either surface. The germ-tube forms a flange-like appressorium which 
is held fast to the leaf by a mucilaginous sheath, while a narrow penetration-hypha 
from it is pushed through the cuticle. When the entering hypha is checked 
by the epidermis it becomes expanded to form an irregularly shaped primary 
hypha from the latter there soon develops a small stroma in contact with 
the epidermis below, and numerous hyphae spreading in all directions from the 
stroma advance by wedging between and lifting the cuticle from the epidermis 
(Fig. no f-k) ; then, the mesophyll tissue immediately below the point of entry, 
apparently to check further invasion, cuts off a layer of cells in the manner of a 
cork cambium so as to delimit the lesion, and finally with further elaboration of 
the stroma, conidiophores and conidia are developed as already described. Fruit 
infections take place in much the same way, the conidial stromata being laid down 
below the cuticle (Fig. no A-c). 

Provision to tide the fungus through the winter soon becomes established at 
the tips of the current season’s shoots and, later, on the buds in the axils of the 
leaves. For the formation of these over-wintering lesions, conidia or ascospores 
settle on the cuticle and penetration is effected in much the same way as described 
above for leaf infections, and the process must, of course, be initiated before the 
epidermis of the young shoot begins to form cork, for the development of primary 
cork in the apple starts in the epidermis. As in the leaf, a sub-cuticular stroma is 
laid down in the twig, but here the epidermis appears to collapse and suffers more 
injury than in leaf infections, so that in the twigs the cells of the epidermis become 
more or less filled with the fungus. During the winter the mycelium in the twigs 
continues to spread between the collenchyma and the bark to form a series of 
subsidiary infections (Fig, 122). All the pustules on the young twigs are thus 
entirely protected throughout the winter, and as above stated, are of great import- 
ance in the initial outbreaks of the disease in the spring. Like the leaf lesions they 
are delimited by a cork layer, and eventually are sloughed off <22). There are, 
however, varieties of apple trees which appear not to be susceptible to twig in- 
fections, and it is probable that these kinds receive their first infections from asco- 
spores, Bud-scale infections are initiated towards the end of the growing season. 
Young buds become infected by conidia from affected leaves being washed down 
the leaf stalks to collect in the axils, and towards the autumn the tender scales are 
penetrated in the same way as a leaf or shoot, the stromata being developed mostly 
in the outermost scales, and even extending into the soft tissues of the bud axis at 
the base, so that these infections bear close similarity to twig infections. Bud- 
scale infections remain protected usually until March and open to emit the conidia 
during April and May when leaves and blossom are unfolding. 

Humid, cool weather in spring and early summer is highly favourable to the 
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incidence of scab disease. Densely foliaged trees are frequently heavily infected 
because leaves and fruit remain moist longer ^52). Fruit infections take longer to 
incubate than leaf infections, and longer periods are necessary as the fruit develops. 
In storage a high degree of humidity is the most important factor favouring increase 
of disease ^ 3 ). A temperature of 0° C. does not inhibit the growth of the fungus 
in infected apples in storage ; at 5° to 8° C., in an atmosphere of 80 to 90 per cent, 
relative humidity, infection was shown to be equally intense on paper-wrapped 
apples as on exposed fruit ^o) definite case has been established that sound 
apples in contact with scabbed fruit contract the disease, and it is not believed that 
fresh infections can occur from the presence of conidia in the air of the storeroom 
though some assert that these possibilities should not be excluded 

Several complex factors appear to influence the relative resistan8?\)fT:he host 
to this disease. Some of these involve the relative thickness of the cuticle, rapidity 
of cork formation in the young shoots and below the lesions, chemical nature of 
the sap, concentration of tannin, influence of root-stock and scion, manurial 
treatment, strain of fungus, etc. ^7, 35, 37, 49)^ While it is well known that 

different varieties of apples vary considerably in resistance to scab, this property 
is not constant under all conditions, and all varieties may contract the disease with 
variable results, in bad seasons 

Since primary attacks are often traceable to scabbed twigs these sources of 
infection should be removed before the pustules break open in the spring 
Fallen leaves should be raked together as soon as possible in the autumn and 
destroyed by burning or ploughed in deeply to prevent spread by ascospores ; 
spraying the leaves on the ground with i per cent, helion, or 8 per cent, carbolineum 
is said to kill the perithecia 54)^ Dust preparations in the form of colloidal 
copper and sulphur, wettable and flotation, are variously recommended, but in 
general are not of greater acceptance than Bordeaux mixture and lime sulphur 
though the latter, being less injurious, is now largely replacing Bordeaux mixture 
(4, 9, 13, 14, 17, 34, 36, 37, 38, 38b, 42) . some instances the dusts are claimed to be 
less injurious than lime sulphur, for varieties which are sensitive to sulphur but 
in other cases reports of leaf-shedding and fruit-dropping have followed their 
use Lime sulphur is also said to reduce photosynthesis Bordeaux 

mixture, at a strength df 4 lb. copper sulphate, 6 lb. hydrated lime, to 50 gallons 
of water, should be applied lightly as a misty spray. A common schedule in 
Britain, using Bordeaux mixture and lime sulphur, includes four applications at 
least : (a) at the * green bud ’ stage when the flowers are in bud, with Bordeaux 
mixture ; (b) at the ' pink bud ’ stage when the petals are showing, but the buds 
not yet open, with the same mixture, or, 2| per cent, lime sulphur may be used 
for a and b ; (r) ‘ petal fall ’ stage, with i per cent, lime sulphur, except for Stirling 
Castle, Lane’s Prince Albert, Beauty of Bath, Newton Wonder, Rival ; but this 
application is safe for Allington Pippin, Worcester Pearmain, Early Victoria, 
Blenheim, Annie Elizabeth, Lord Derby, Grenadier, Bismarck, and Bramley’s 
Seedling ; (d) a second, ‘ post-blossom ’ stage, as for ‘ petal fall 2 weeks later. 
In addition to spraying practice in the orchard, it is advisable to remove all surface 
moisture from the fruits before storage < 5 ^^. In some countries it is recommended 
that apple trees should be dipped into Bordeaux mixture before export or distribu- 
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tion to the groAver Spraying operations should be carried out thoroughly and 
at the right time, this being considered more important than the selection of any 
of the more promising fungicides ; the interval between consecutive treatments 
should not be more than a fortnight b) 
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White Root Rot of Apple, Rosellinia necatrix Prill. 

This disease is highly destructive to the roots of apple and pear trees, and by 
early infection of the finer, fibrous rootlets brings about a slow death of the plant. 
It also attacks the underground parts of potato, narcissus, arum, iris, gooseberry, 
strawberry, peach, almond, cherry, and other cultivated crops 9. 

In Britain, this root rot exists chiefly on fruit trees, and was first described here 
in 1896 ; it was found again in this country in 1913, near Canterbury, on apple 

trees in a plantation from which old cherry trees had been grubbed up In 

the warmer parts of the British Isles it has probably a wider distribution than 
already known, since it may frequently be passed unrecognised over a long period 
after attack, before any symptoms of disease appear above ground The disease 
has been known in Europe for many years, and was first studied, in 1883, in Ger- 
many and later, in 1891, in France in the latter case, on the grape vine 
on which it still appears to be destructive in vineyards on the Continent. It also 
occurs in America where it has been found in a number of apple orchards in Santa 
Cruz County, California, and in at least one apricot orchard in Alamada County 

White rpot rot is caused by Rosellinia necatrix, a member of the Pyrenomycetes, but 
has long been familiar under the name Dermatophora necatrix^^* 

Infection is confined to the roots, the fungus forming on the finer terminations, 
strands of snow-white mycelium (Fig. 347). On the older, main roots, however, the 
fungus is brown or olive green in colour, more matted, forming in parts short rhizomorphs 
which remain narrow and succulent, but never attaining the firm, shoe-lace type of 
rhizomorphs seen in root-rot disease caused by Armillaria mellea (p. 907). The white 
mycelium may also extend from affected roots out into the soil, and in this way may 
spread to the roots of healthy trees growing near.^ The .mycelium consists of branched, 
septated hyphae which are of a nodulose nature, the constituent cells becoming swollen 
just below the septa. After the death of the tree the mycelial web covering the roots 
practically disappears, and its place becomes occupied by a number of small black 
sclerotia. In artificial culture, but apparently rarely in nature, the fungus gives rise to 
conidia, but apart from one report that these spores are germinable, the conidia appear 
to play no part in spreading the disease 4). Xhe perithecia arise in dense, black clusters 
on the dead roots, but they are not common and, so far, have not been observed in 
Britain ; they are round, black, brittle, and furnished with an ostiolate neck which 
disappears after the perithecia have discharged their spores The ascospores arc 
spindle-shaped, somewhat dorsiventral, showing a distinct longitudinal groove along 
one of the flat sides through which one or more germ-tubes emerge at germination 
The ascospore dimensions, according to various authors, are 40 by 7 /x ; 43 to 47-5 by 
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9 ; and 31*1 to 47*6 by 7*1 ju, Apparently the 

ascospores germinate with difficulty, and it seems 
doubtful whether these spores again, like the conidia, 
play any pait in the dissemination of the disease. 

They have, however, been seen to grow on potato 
dextrose agar, at 22° to 24° C., after a preliminary 
treatment with lactic acid, and produced the conidial 
stage ; when these cultures were employed to infect 
the roots of young apple trees, the characteristic 
symptoms were obtained, and within 6 weeks of in- 
oculation the trees died 

The fungus survives on old roots left in the 
ground, and infections have been known to take 
place after young trees had been planted in land 
which had previously supported gooseberry and 
cherry trees suffering from white-root rot. In 
Britain, at least, the fungus also survives from 
season to season in the form of sclerotia in the 
soil or adherent to root debris. During wet seasons 
mycelium is early developed, especially in heavy 
soils of high temperature The mycelium 
developing in the soil consists of very fine, narrow 
hyphae (‘ exploration hyphae ’) which travel 
through the soil and in this way may infect the 
roots of susceptible trees ; in the soil too, may be 
found greenish-grey to white rather dense strands 
of the rhizomorphic type of mycelium, sometimes 
spreading out in fans, these dense aggregations 
apparently having congregated around bits of old 
roots or some other organic material in the soil, and the fungus mycelium may 
also frequently be discovered to occupy minute cavities in the soil, being par- 
ticularly abundant in worm burrows 

The disease may attack the roots of young seedling trees as well as those of 
mature trees. The parts first attacked are the extremities of the youngest rootlets, 
and after penetration the fungus travels under the bark into the larger branches 
of the root by destroying the cortical tissues in its path. The deeper tissues are 
not invaded, but after the death of the roots the fungus breaks out of the cortical 
region to the exterior to form the characteristic white mycelium which later gives 
place to sclerotia, and on rare occasions, near soil-level, to conidia and finally 
to perithecia. When old trees are attacked, the trouble may exist in the roots for 
two or three years before any signs of disease are manifest above ground. At 
first the symptoms are confined to one side of the tree, a sure indication that in- 
fection arose from contact of the roots on that side with those of a neighbouring 
tree, or with infected root debris buried at one spot. The leaves on the affected 
side of the tree turn yellow and begin to fall off early, and each succeeding season 
is marked by fewer and fewer leaves, with the result that the fruit fails to mature, 



Fig. 347. — White root rot of applt 
{Rosellinia necatrix). A rooting 
system covered with white 
strands of the fungus (photo 
Nattrass) 
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and many branches may also be seen to suffer from a die-back condition. Infection 
may thus be localised for a long time, and, if the trouble is detected early, young 
trees may be saved if affected roots are trimmed back and the trees planted in 
clean ground 

To control the disease in the orchard, all badly affected trees should be pulled 
up and destroyed, care being taken that no bits of diseased roots are left behind. 
The application of carbon bisulphide to ^he soil is claimed to be successful as a 
measure for the control of the disease in vineyards on the Continent. 
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Blossom Wilt and Spur Canker of Apple, Sclerotinia laxa (Aderh. & Ruhl) 
forma malt (Wormald) Harrison 

‘ Blossom wilt ’ attacks apple trees soon after they come into flower. Young 
as well as established trees are liable to the disease, and entire inflorescences with 
their adjacent green leaves may be killed before the flowers set fruit (Fig. 348). 
Moreover, in severe attacks the trouble may spread in the same year into the tissues 
of the short branches (spurs) bearing the withered flowers, killing them and causing 
a cankerous condition of the bark ; if the canker girdles a branch all the length of 
shoot with the spurs above the canker dies The same disease attacks the pear, 
the ‘ornamental red-leaved crab-apple {Pyriis purpurea), the white beam (P. aria), 
and the Japanese quince (P. japonica), but in no instance as severely as the apple. 
Stone-fruit trees are also susceptible, the principal hosts being plum (Fig. 348 inset) 
and cherry, and some ornamental types related to them, namely the Japanese 
flowering cherry {Prunus serratula), the Chinese flowering cherry (P. tomentosa) 
the sand or dwarf American cherry (P. pumila), and the bird cherry (P. padus). 
Early signs of disease are a wilting of the flowers and leaves at the base of a 
flower cluster, the flowers turning brown as if scorched, and the leaves'as they 
wither curling up at the margin, thus exposing the grey, hairy under surface, and 
giving the appearance of being covered with mould. But the conidial fructifica- 
tions of the fungus associated with this disease are usually found on the dead 
flower|and flower stalks, and not until late in the autumn, or in the spring following 
infection, are the spores to be found on spurs and cankers. Withered blossom may 
be retained on the trees throughout the winter, and as the leaves on infected 
branches are killed before the absciss cork layers are developed in the usual manner 
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at the base of the petioles, they too may 
hang on the tree for a considerable time. 

During the winter, therefore, affected trees 
are often rendered conspicuous by the 
presence of withered trusses and leaves 
left behind long after the healthy trees 
have cast them off. Affected spurs allowed 
to remain on the tree for a third year 
usually dry out, and any cankers associated 
with them have by that time healed up 
with callus and rendered innocuous. 

Blossom wilt of the apple, in Britain, 
is caused by the fungus Monilia cinerea, 
the perfect, ascigerous stage of which is 
the Discomycete Sclerotinia laxa The 
organism exists in various forms ; one 
form attacks the apple, another, the plum ; 
other forms, again, affect other hosts, so 
that the full designation of the fungus on 
the apple is Sclerotinia laxa forma malt ; and 
the form infecting plum trees is S. laxa 
forma pruni. The perfect stage has not 
been seen on apple in Britain, but has 
occurred on one occasion on dried, mum- 
mified plums which had over-wintered on 
the ground (Fig, 349) ; it is described 
below. Some confusion has arisen in later 
years over the designation of the fungi responsible for brown-rot diseases of fruit 
trees in Britain and America The position has now been clarified by 

the researches of Wormald (1^-26) on these diseases in Britain. In this country, 
the fungus generally attacking the blossom of all hosts above mentioned is 
Monilia cinerea^ and the species attacking the fruit is Monilia fructigena (de- 
scribed below), but the former has also lately been found to cause a black rot 
of apples and pears The American fungus is deemed to be a different 

species, namely, Sclerotinia frncticola (briefly described below) ; it does not occur 
in Britain. 

Numerous strains of M. cinerea and M. fructigena arise in artificial culture, and while 
striking differences may be seen even between strains of the same organism, such differ- 
ences are not constant ; but strains of M. cinerea have been isolated which were bio- 
logically distinct from strains collected from the stone-fruit hosts, and strains from the 
latter were obtained which did not produce blossom- wilt in the apple Moreover, 

Af. cinerea from pear spurs infected apple blossom and also plum fruits, and the same 
organism isolated from plum twigs attacked pear flowers ; and isolates from cherry 
fruits infected pear flowers with production of blossom-wilt <3, 9* u, 20 Differences 
in mode of growth and in degree of sporulation between M, cinerea and M, fructigena 
may be seen when cultured on prune-juice agar or steamed potato ; it is noteworthy 



Fig. 348. — Blossom wilt and spur canker of 
apple {Sclerotinia laxa forma malt) Note 
the canker on the stem and a dead spur 
on the right bearing the conidial Moniha 
fructifications (photo by Wormald, Ann. 
App. BtoL). Inset, right, showing 
‘ wither tip ’ of plum, caused by S. laxa 
forma pruni (photo by Foister & Noble) 
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that while neither of these two 
organisms produced normal 
conidia on prune agar, both 
produced clusters of minute 
microconidia on this medium, 
but on the potato medium both 
fungi produced the normal 
conidia. 

Conidial pustules of M. 
cinerea on the wilted flowers, 
especially in damp weather, 
are very luxuriari, consisting 
of much-branched conidio- 
phores bearing long chains 
of glistening, bead -like, or 
lemon-shaped conidia which 
measure, on an average, i6 
by 12 /i, As already men- 
tioned, not until the winter 
or the spring following infec- 
tion are the conidial fructifica- 
tions to be seen on dead spurs 
and cankers (Fig. 348), when 
they appear in crevices of the 
bark as grey, or slightly yellow pustules, about i*5/x wide, in which the conidia are 
smaller than those on the flowers, ranging from ii to 12 by 8 to 9 p,. 

The apothecial fructifications of S, laxa, found, as stated above on mummified fruits 
(Fig. 349) of the plum, are egg-cup shaped, brown, and elevated on long stalks ; the 
hymenium consists of elongated club-shaped asci, from 1 21 to 188 by 7*5 to ii*8 /a, each 
containing a row of unicellular, oval, colourless ascospores measuring from 7 to 19 by 4*5 
to 8*5 fi The Momlm^stage alone is responsible for the blossom wilt in Britain, and 
the fungus is carried over from year to year by its survival in spurs and cankers. 

Initial infections always take place through the flowers, not through foliage 
leaves. A flower becomes infected when conidia are deposited on the stigmas and, 
favoured by damp weather, the growing fungus travels down the styles destroying 
the tissues in advance, and within a fortnight whole flower clusters with their 
adjacent green leaves may be browned and killed. From the flowers the fungus 
passes into the stalks and thence into the woody spur, the tissues of which are 
again destroyed and browned in advance of the invading fungus, and a brown 
discoloration may extend even into the branch carrying the infected spurs. 

To prevent the invasion of the spurs and wood, and so deprive the fungus of 
its method of survival over the winter, infected trusses should be removed as soon 
as they show signs of wilting, but usually this is left too late, and it becomes 
advisable to cut out all infected wood and cankers, as far back as any trace of 
brown discoloration remains, making the final cut through clean wood. Where 
such treatment is impracticable owing to the size of the trees, spraying with lime 
sulphur, I in 50, or with Bordeaux mixture 6:6: 100, just before the blosso^a 



Fig. 349. — Sclerotinia laxa. A, mummified plum bearing the 
stalked apothecia of the perfect stage, two-thirds natural 
size. By four apothecia, in situ ( x 2). C, asci and para- 
physes ( x 330). £), ascospores showing variation in shape 
and size ( x 700) (after Wormald, Ann. Bot.) 
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appears, is found beneficial. Other fruit trees and ornamental bushes susceptible 
to blossom wilt should not be planted close to apple trees. Of the ordinary com- 
mercial varieties of apples, Bramley’s Seedling is rarely attacked, but the varieties 
Lord Derby, Cox’s Orange Pippin, James Grieve, Rival, and Ecklinville Seedling 
are amongst the most susceptible kinds 


Brown Rot and Spur Canker of Apple, Sderotinia fructigena 

Aderh. & Ruhl. 

Brown rot of the fruit of pomaceous and drupaceous (stone fruit) trees is of 
common occurrence in the orchard and on stored fruit. It is not a common rot 
of pomaceous fruits in the United States, but is frequently found there on peaches, 
plums, and other stone fruits 

Apples may be attacked at any age on the tree, and the disease may cause them 
to fall before ripening or convert them into dry, mummified fruits which may 
remain on the trees throughout the winter. Serious losses may thus be incurred 
annually from premature fall of fruit, and in the store the disease may spread, 
under humid conditions, from affected to sound fruit by contact. The same 
trouble may be experienced with plums, pears, quinces, and cherry fruits, but 
apricots and peaches are only occasionally affected. 

This disease begins on the fruit, whether on the tree or on the ground, as brown 
spots which may spread to destroy the whole fruit. During the progress of the 
rot, small yellow pustules arise under the browned skin, which break through as 
yellowish or buff-coloured cushions of conidia (Fig. 350). The pustules are usually 
arranged on the affected part in concentric zones and, presumably stimulated by 
exposure to light, the fungus produces a fresh zone of spores every day. The 
disease is not of the nature of a wet rot, and as it advances the fruit becomes 
wrinkled and mummified. While a great proportion of infected fruit is blown 
down with the rot continuing to de- 
velop on the windfalls, other dry, 
mummified fruits may hang on the 
trees through the winter, and both 
these as well as the fallen fruit may 
serve as sources of infection of young 
fruit developing in the summer. 

Apples, to all appearance sound when 
placed in store, may develop the rot 
at the stalk end and turn black, and 
though the fungus is present in the 
pulp, only very rarely are the conidial 
fructifications developed on stored 
fruit. 

Brown rot of apple fruit in Britain is 
caused hy MmiUafmct^em^ the conidial 
stage of Sderotinia fructigena^ but this 



Fig. 350. — Brown rot and canker of apple {Sclero- 
tinia fructigend). A, the rot on the fruit and the 
canker stage on the stem (photo by Wormald). 

B, conidial Monilia pustules of the fungus on 
the stem of plum. C, a munnanified plum. (B, 

C, photos by Foister & Noble) 
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perfect stage has, so far, not been found in this country. The buff-coloured conidial 
tufts, from J to ^ inch in diameter, are bigger than those of M. cinerea^ and the 
oval conidia are also larger, varying from 12 to 34 by 9 to 15 /x, the average being 
22 by 13 /X. The apothecia, asci, and ascospores are similar to those of S, laxa\ 
asci range from 1 12 to 180 by 9 to 12 /u, the ascospores measure from 9 to 12-5 by 
5 to 6*8 /X Mummified apples m Denmark, which had been buried in the soil 

for 20 months, produced stalked, yellow to grey-brown apothecia, 2*5 to 7 mm. in 
diameter; the asci measured from 115 to 170 by 7-5 to ii^Lt (average 156 by 10 /x), 
the ascospores, unicellular and ellipsoid were from ii*o to 13*2 by 5*7 to 7 /x (average 
12*2 by 6*5 /x) ; the conidia measured from 15 to 22*9 by 8*6 to 14 /x (average 19*6 by 
ii-Sfx) The fungus tolerates a wide range of temperature, the optimum being 
about 25° C., and though there is marked reduction of infection below 22° C. (*0), it is not 
checked at low temperatures of cold storage ; ordinary summer temperatures are 
therefore favourable to the development of brown rot. 


Infection of fruit is believed to occur through the lenticels in the skin, but 
chiefly through wounds caused by various insects, or through the action of hail 
or frost, or by means of cracks due to unequal growth. The sources of infection 
are the mummified fruits left on the trees, or the fallen fruits left to decay on the 
ground. The fungus on these revives the next season to form the conidial fructi- 
fications which, as already indicated, provide for the primary infections in Britain. 
Young fruit on the tree may become infected (Fig. 351) by direct contact with a 
mummy and, doubtless, the conidia are also carried from rotted fruit on the 



Fig. 351. — Brown rot of apple (Sclerotinia fructigena). Showing infection extending from a 
mummified apple at . 4 , to others B and C, in contact (photo, Adv. Leaflet 155, by peitniaaion 
of Minis. Agric.) 
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ground by marauding insects which infect the fresh fruit by biting through the 
skin. 

As in the case of blossom wilt, cankers on the twigs may also be found in 
association with fruit rot, the fungus growing down through the stalk and thence 
into the spur and stem. The resulting cankers appear much later than those caused 
by M, cinereUy usually in late autumn. 

Infection of apples in storage may take place through wounds in the skin or 
through the stalk end when the fruit is picked without the stalk. A general 
browning of the flesh takes place at the seat of infection and the fungus may spread 
quickly under moist conditions in storage or transit. Affected specimens in storage 
are usually smooth and black, but hardly ever develop conidia unless the environ- 
ment is unduly moist, in which case they become covered with mycelium which, 
moreover, supplies an additional means of infection to sound fruit in contact 
with it. 

Apples possessing high resistance to brown rot are said to have fruit containing 
sap of a higher /)H value than that of susceptible varieties ; but with the progress 
of the rot within the fruit the pH was found to increase 

Since mummified fruits and infected windfalls are frequently the sources of 
fresh outbreaks of brown rot, all such materials should be removed from the 
orchard ; and all infected spurs and cankered wood should be cut out and 
destroyed. 

In America, Australia, and New Zealand brown rot of fruits is caused by a different 
species of Sclerotinia^ namely S.fructicola (Wint.) Rehm ; the British and European type 
S, fructigenUy above described, has so far not been found in association with the disease in 
the countries named. S. laxa does, however, occur both in the United States and Canada, 
and both S, fructicola and S, laxa are responsible for blossom-wilt and twig-blighting, 
chiefly of stone-fruit trees, and may under certain conditions cause fruit rotting as 
well The Mom7fa-stage of S. fructicola was successfully produced after infection of 
peach blossom with the ascospores. The apothecia of S. fructicola may be found in 
abundance on mummified peaches hanging on the trees, or on the fallen fruit, and sporu- 
late just about the time the trees come into bloom, but to what extent the ascospores are 
responsible for setting up primary infections is not known. The asci of this species range 
from 102 to 215 by 6 to 13 /x, and the ascospores from 6 to 15 by 4 to 8-2 /x. The conidia 
range from 10 to 28 by 7 to 17 /x, with a mean of 10-46 by 16*24 /x ^^3). Microconidia 
have been observed on mummified ffuit, coincident with the development of the 
apothecia ; they may probably serve as fertilising cells ^*7). 
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Bitter Pit of Apple {non-parasitic) 

' Bitter pit ’ of apple is a common functional disorder of the fruit, and is not 
attributed to any plant pathogen. First described as ‘ stippen ’ in Germany ^^4) 
in 1869, the disorder has long been known as ‘ Baldwin spot ’ or * brown spot 
and the name ‘ bitter pit * was first applied to it in Australia where the trouble is 
very prevalent, especially in South Australia and New South Wales. It is also 
well known in the United States, South Africa, and other countries 

The trouble appears to arise as a result of picking before the fruit is ripe, and 
develops more rapidly the more immature the fruit While the general 

observation is that bitter pit is a storage disorder, the trouble really begins in the 
orchard, the symptoms which break out on the stored fruit being traceable to a 
physiological disturbance during the growth of the fruit Numerous observers 
have noted that large-sized fruit from a light crop are more susceptible than smaller 
fruit from an average-sized crop, but others maintain that the relative severity of 
bitter pit cannot be explained on a basis of size of fruit alone It was observed 

in British Columbia that fruit from trees bearing less than one-third of a normal 
crop proved to be much more liable to the disorder than fruit from trees carrying 
more than this proportion Bitter pit is very erratic in its appearance, for in 
some seasons trees known to have suffered from it may be quite free, and in others 
to develop it severely, and trees of the same variety growing close together may 
develop extensive pitting of the fruit at harvest-time, and little in storage, but, in 
general, the symptoms appear more rapidly during the first two or three months 
of storage 

Bitter pit is characterised by the presence of a few to numerous depressions on 
the surface of the fruit, chiefly towards the calyx end (Fig. 352). The spots are 
circular, sub-circular, or streaky, and may sometimes be barely visible, but com- 
monly measure from 3 to 6 mm. in diameter. Immediately below the spots, 
brown necrotic areas arise in the pulpy tissues (Fig. 353), but a browning of the 
flesh, arising as it does from within the fruit, may sometimes not be accompanied by 
any external pitting. According to the natural colouring of the particular variety 
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of apple, the pitted spots may be grey- 
green, olive-green, light brown, dark 
chocolate-brown, or almost black 
Observations in Australia on Cleo- 
patra apples showed fairly constant 
differences in the symptoms, one form, 
described as mild pit, consisting of 
small, rather inconspicuous superficial 
lesions in both cold and ordinary 
storage, and another form, severe pity 
characterised by large depressions of 
a dark colour, developing only in cold 
storage. 

Numerous theories have been put 
forward from time to time which seek 
to explain the cause of bitter pit in 
apple fruit ^3. 6, 9, 12, 17, 18)^ Jts etiology 
is still obscure, however, and much 
remains to be done also on the problem 
of its control The probably cor- 
rect view is that the trouble is due 
balance between the leaves and the growing fruit ^^7) (cf. Blossom End Rot of 
Tomato, p. 678). It has been shown that when single branches of a tree were 
defoliated, the fruits were less susceptible to pitting, since the competition for 
water would thus be lessened. The view is expressed that susceptibility to 
bitter pit is increased by any treatment that raises osmotic values in the leaves, 
at the expense of those in the fruit. Experiments performed on the trees, such as 
‘ ringing ’ of the limbs after blossoming, girdling of the flower stalks, drastic 
thinning, etc., all showed that susceptibility was increased when the osmotic 
concentration of the leaves was raised at the expense of the fruits Further, a 
disturbance of soil-moisture conditions, whereby increased intake of water would 
occur, especially towards time of fruiting, is also suggested as being a possible 

cause of an over-stimulation of the fruit dur- 
ing growth Excessive transpiration during 
the day and a sharp reduction or cessation of 
the process during the night, while intake at the 
roots remains unabated, is also put forward as 
a contributory factor which, by increasing in- 
ternal pressure in the fruit, would cause injury 
to the cells In addition to an irregular 

water-supply, an unbalanced nutritional condi- 
tion may also be conducive to the disease 
It is asserted by some that the trouble is asso- 
ciated with the retention of starch in the areas 
affected, the necrotic spots on the fruit result- 
ing from excessive translocation, followed by 



Fig. 353. — ^Bitter pit of apple. Section 
of cleared apple tissue showing 
pits (dark areas) under the skin 
and their relation to the vascular 
bundles (after Smock, Cornell 
Ufttv, Bull, 234) 



i 


Fig. 352 — Bitter pit of apple. Note the dark 
spots on the affected right half of the fruit 
(photo by Foister & Noble) 

mainly to a disturbance of the water- 
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osmotic action between the starch-filled cells and those in which the starch had 
been largely or completely changed to sugar Others have found, however, that 
starch may be present in both healthy and necrosed cells in affected fruits 
The trouble has also been attributed to widely fluctuating temperatures during 
night and day ^^7)^ but this view has not received general support ^^4)^ 

The necrotic lesions, at first, consist largely of groups of collapsed cells situated 
beneath the hypodermal layers of the fruit ; later, the cell walls become torn. 
Amongst the disorganised tissues starch grains may be found, and these persist in 
the affected spots during storage. When the necrotic spots are traced inwardly 
into the flesh, they are found to be associated with the vascular bundles in the 
pulp (Fig. 353). In the early stages of the formation of the spots, the overlying 
epidermal and hypodermal layers remain intact, but later they too collapse when 
larger portions of the flesh become involved in the lesion. As the disorder works 
outwards from the pulp to the surface of the fruit, the browned areas may some- 
times not be visible from outside, but when the fruit is cut they are found to be 
associated with the browned strands in the pulp. These histological features are 
the same in fruits still on the tree or on those in storage 27)^ 

Bitter pit is aggravated by dry conditions and high temperatures during early 
summer, followed by heavy rains A great deal still remains, however, 

to be learnt about weather conditions in relation to this disease. Observations 
on the effects of light intensities appear to be conflicting. In British Columbia ^ 5 ) 
it was noticed that the trouble was severe on Newtown apples in seasons enjoying 
more than the average amount of sunshine, and was not so pronounced, for the 
same period, when the amount of sunshine was less. On the other hand, excessive 
shading of the fruit during growth is said to increase susceptibility to pitting in 
storage ; fruits picked from the centre of the tree, which were much shaded 
proved to be very susceptible 

Susceptibility to bitter pit appears to increase with excessive applications of 
nitrogenous manures during the growing season ^7, 34)^ 

Wastage from bitter pit may largely be obviated by delaying the picking until 
the fruit is ripe, and the fruit should be stored immediately at a low temperature ; 
storage at 32° F. delayed the appearance of the symptoms and sometimes reduced 
the development of the trouble ^ 5 . 23, 31)^ Lightly cropping trees should be picked 
about a fortnight later than heavily cropping trees \ Bitter pit is not associated 
with any mineral deficiency in the soil, and is not relieved by the application of 
boron 

The varieties Baldwin, Northern Spy, Rhode Island, Greening, York Imperial, 
and Gravenstein are listed as being very susceptible to bitter pit ^27). 
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Pear Scab, Venturia pirina Aderh. 

Scab disease of pears is equally as common as apple scab, which it closely 
resembles in many features. The fungus causing it is almost identical with that 
on the apple but the two fungi are distinct species and confined to their respective 
hosts. 

Pear scab is widely distributed in Europe and in the United States ; in 
California ^^7) it is the most important disease of this host, and in Australia is 
reckoned to be the most serious factor limiting the export of the fruit 

In comparison with the organism of apple scab, the fungus of pear scab is 
more aggressive, penetrating the host more quickly and more extensively. It also 
has a greater capacity for spore production, which, moreover, is spread over a 
longer period than is ordinarily observed with apple scab \ 

The general symptoms of scab on this host are very similar to those on the 
apple but are more clearly defined. The leaves, twigs, bud scales, flower stalks, 
sepals, and sometimes the petals and the main axis of the inflorescence, as well as 
the fruit (Fig. 354) are all attacked in much the same way as above described for 
apple scab ^^5), Twig infections, however, are far more extensive on the pear 
than on the apple (Fig. 355). 

Pear scab is caused by Venturia pirina <*>, the name assigned to its perithecial stage 
on the over-wintered fallen leaves ; the conidial stage {Fusicladium pirinum) is the more 
important, parasitic stage on the tree. The conidiophores are brown, 8eptated,.and are 
more zigzag than those of the apple fungus because in addition to a terminal conidium, a 
number of lateral conidia arise in sympodial fashion, whereas in the apple the conidia are 
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Fig 3S4 — Pear scab {Ventuna {pinna) (photo 
by Wormald, Diseases of Fruits and HopSy 
Lockwood) 


formed in succession from the apex of the 
conidiophore The conidia are dark brown 
or olivaceous, ovoid, unicellular or i -septate, 
15 to 40 by 6 to 10 /X, in nature , in culture 



P IG 355 — Pear scab on the wood Pustules of 
the fungus are breaking through at points 
indicated by the three lines , the base of 
scale leaf (top line, fight) is also cracked 
open by the pustules (photo by Salmon 
& Ware, Grdnrs' Chron ) 


somewhat longer, 15 to 60 jjl The peri- 
thecia on over-wintered leaves on the ground 
were found in England, in 1924, at Wye, 
on blown leaves sheltering under a hawthorn hedge These fructifications are smaller 
than those of the apple fungus, being just visible to the naked eye as dark points, 
scattered or sparsely grouped at either or both surfaces of the leaf ; the asci contain 
8 spores ; the ascospores, similar to those of V tnaequaliSy are transversely septated into 
two unequal cells, but in V pinna the larger cell faces the top, not the base of the ascus 
as in the former species ; the germ-tube is formed from the larger cell. The perithecia 
usually discharge their spores towards the end of April ; a wet spell followed by dull 
weather with occasional sunshine, and a temperature of 49® to 55° F. are recorded to be 
the best conditions for good spore dispersion 


For the primary spring infections of the leafing trees in England, conidia from 
the over-wintered twig lesions play a more important part than the ascospores 
discharged from the leaves on the ground ; in other European countries, in 
the United States, California and in Australia early infections as in the 
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case of apple scab are said to be caused by ascospores. But in England, so prolific 
are lesions on the twigs in their production of conidia in the spring that many of 
the opening buds after a shower of rain are found to be bathed with conidia ; as 
the water dries off, these spores may be seen not only on the bud scales but actually 
sucked in amongst the young leaves and flowers of the opening buds. First in- 
fections are, therefore, usually found on the under surface of the leaves, and on 
the sepals of the flower buds 

V.ptrina embraces a number of physiologic races some of which are reported 
to produce chlamydospores in culture, and mutant forms are also said to occur 
Here too, as in the case of the fungus of apple scab, some isolates of the pear- 
scab fungus turned out to be intra-group sterile, or inter-group fertile, but pairing 
of the isolates revealed only two compatible groups 

All varieties of pears are liable to this disease. The common Fertility is highly 
susceptible, as also are Doyenne du Comice, Williams' Bon Chretien, Clapp's 
Favourite, Beurre Bose and Marie Louise, but B. d'Amanlis, Conference, and 
Dr. Jules Guyot are less susceptible. There is evidence that the particular type 
of ‘ stock ' on which the tree is worked has a bearing on the degree of susceptibility 
of the scion to scab attack 

Pear scab may be controlled on the same lines as indicated for apple scab. 
Pears are not so liable as apples to suffer surface injury from the application of 
fungicides, but Doyenne du Comice is sensitive to copper, though slight scorching 
of the foliage causes little injury to the crop itself ; Williams’ Bon Chretien may 
also suffer injury from lime sulphur Since sporulation of pear scab continues 
over a longer period than is usually observed with apple scab, additional sprayings 
with Bordeaux mixture are recommended, as many as six applications being 
advised for the most susceptible varieties While no method of winter 

spraying can destroy the protected stromata on the twigs, the summer sprayings, 
by killing the pustules on the leaves, help to keep down infections on the new 
wood. If practicable, since the twig lesions are such an important source of 
infection in the pear, all scabbed wood should be cut out before the buds open. 

At Long Ashton, Bristol a useful dual programme has been devised for 
controlling apple and pear scab together. It comprises two pre-blossom sprayings, 
the first for the pear, the second for both apple and pear ; then follows the important 
' pink blossom ’ spray for apple, and then the first ‘ post blossom ’ spray for pear, 
a week later. For this programme lime sulphur is employed at two strengths, 
I in 30 and i in 60, thus : 

30th March to 4th April ; for the pea^ , with i : 30. 
loth April to 30th April ; for apple and pear, with i : 30. 

25th April to 4th May ; for apple, with i : 30. 
ist May to 15th May ; for pear, at i : 60. 

The weaker fluid is advised for later applications to both the trees, and to varieties 
of apples which are not sensitive to sulphur 
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Bacterial Canker, Leaf Spot, and Wilt of Plum and Cherry, Pseudomonas 
mors-prunorum Wormald & Pseudomonas prunicola Wormald 

Plum and cherry trees in Britain are subject to severe forms of bacteriosis 
which affect all parts of the trees except the roots. These diseases have been exten- 
sively studied in this country by Wormald <*3-27)^ Bacterial diseases of stone fruit 
trees are also well known in Germany and in various parts of America 
It is probable that the organisms associated with these diseases, variously named 
by different authors in these countries, are very closely related to, if not identical 
with, one or other of the two organisms Pseudomonas mors-prunorum and Pseudo- 
monas prunicola discovered and named by Wormald, to be the causal parasites in 
Britain. 

Stems, branches, shoots, buds, leaves, less frequently flowers and fruits, are 
all susceptible to attack. The disease affects the trees in three ways. The most 
Serious phase is the development of cankers on stems and branches (‘ bacterial 
canker ’) which may result in a die-back of all parts above the canker if the latter 
goes right round the stem or branch ; another phase of the disease causes young 
shoots to wilt (‘ bacterial wilt ') ; and the other form of the disease, a spotting 
and perforation of the leaves (' leaf spot ’ and ‘ shot-hole ^), accompanies the canker 
and wilt stages. 

(a) Bacterial Canker 

Both plum and cherry trees affected with canker show, in the spring, yellow, 
narrow, and curling leaves, and the shoots, especially those of the terminal branches, 
are stunted ; sometimes there is considerable loss of foliage from such branches 
(Fig, 356). Young* trees recently planted up are the worst to suffer but established 
trees are also attacked. If the stem of a maiden tree of the sweet cherry is girdled 
with a canker the buds above the lesion are checked in their development, and 
though the tree may come into leaf the leaves above the lesion soon turn yellow and 
wither (Fig. 357 c). The buds below the canker may, however, grow into healthy 
shoots, but their leaves may later become spotted as a result of bacteria being 
splashed on to them from the cankers. Sometimes individual buds may be killed 
from the presence of a canker around the base of the bud itself, while other buds 
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not so affected grow out into healthy branches. Infected buds may also occur on 
spurs on older branches, and infection may pass from them into the axis of the 
spur, in which case all the buds on the spur may be destroyed. Lesions from 
affected spurs may extend so as to set up canker formation on branches and even 
main stems may become infected from spurs 

The extent of yellowing and withering of the leafy crown of an established 
tree will often indicate the degree of cankering in branches or stem. If the withering 
is general over the whole tree the canker has probably girdled the stem, but if the 
discoloration of the foliage shows only in a part or parts of the tree the indication 



Fig. 356. — Bacterial canker and shoot wilt of stone fruit {Pseudomonas mors-prunorum and Pseudo^ 
monas pnmicola). A, cherry tree with branch lesions. B, with bacterial canker on stem ; inset, 
portion of a branch with masses of yellow-brown exuded gum. C, young cherry tree with 
stem lesion, dead buds on the lesion, and curled leaves above it ; compare latter with the 
flattened leaves below (photos by Wormald, J, Pomology) 
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Fig. 357. — Bacteriosis of stone fruit {continued). A, leaf infection of cherry showing ‘ shot-hole * 
effect. B, lesion on the shoot, killing the terminal portion. C, severe leaf infection, causing 
withering of the foliage (photos by Wormald, y. Pomology) 


is that only one or a few branches have been girdled, the rest of the branches being 
unaffected and capable of producing normal fruit. Plum trees suffer more than 
cherry trees from the effects of bacterial canker, because plum cankers arise mostly 
on the main stem, so that an entire plum tree may be killed from the presence of 
a girdling canker, whereas cherry trees are more prone to develop cankers on 
branches than on main stem, and healthy branches are in no way hindered from 
making normal growth. Cherry trees thus only partially affected may be saved if 
infected branches are cut away well below the cankered part. But cherry trees, 
like those of plum, do sometimes contract cankers on both stem and branches. 
A striking feature accompanying cankers on the stem and branches of the cherry 
is the copious exudation of a gummy substance from the cankers, often in such 
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quantity as to run down the stem (Fig. 356 inset). The exudate is also produced by 
cankers on the plum but is not nearly so copious as on the cherry. Though the 
gummy substance itself contains none of the pathogenic bacteria, its presence 
nevertheless causes much interference with the normal functions of the host 
tissues, and constitutes a serious hindrance to the translocation of food substances 
from the leaves to those parts of the plant below the cankered portion. A canker 
which completely girdles a branch or stem has much the same effect on the adjacent 
host tissues as ‘ ringing ’ of the bark, for by destroying the cells of the cambium 
and phloem a canker sets up a distinct swelling of the part just above the lesion, 
from which there is much discharge of gum, especially in the cherry. The parasitic 
bacteria are to be found only in places where diseased tissues abut on the healthy, 
in the cambium, cortex, and phloem, and if a branch is cut through at a canker, the 
bark and woody tissues are seen to be discoloured brown from the staining effect 
produced by the bacterial secretions infiltrating into these tissues from those 
diseased. The bacteria die out of the cankers during the summer ^a) 

The bacteria, washed down from leaf spot infections (described below), gain 
access to stems or branches through wounds in the bark, and infection of these 
parts takes place only during the autumn, just before leaf-fall. In the vicinity 
of the wound the bacteria gradually attack and destroy the cortex, phloem, cambium, 
and sometimes the newly formed xylem as well. Even from a small abrasion in 
the bark an infected area may extend as a long narrow strip, sometimes for several 
feet up and down, or may go entirely round so as to girdle the tree. Despite such 
infection, however, there may still be present in the affected parts above a canker 
a sufficiency of food reserve to allow for growth of fresh foliage in the spring, and 
sometimes even undersized fruit may be produced, but, in general, the new 
foliage begins to lose condition fairly early, and the parts above the lesion die if 
the canker goes right round the stem. If the cankers do not encircle the stem the 
tree may grow normally without showing any leaf discoloration, but the canker 
may still spread, evidence of which may be seen by a progressive ridging of the 
bark. A bacterial canker of the plum and cherry does not, however, get bigger 
from year to year, like an apple canker (Nectria galligena^ Fig. 339), because the 
bacteria die out of the cankers during the summer, and thereafter, since they have 
every chance of healing up like ordinary wounds, by formation of callus, the trees 
bearing them are no more subject to fresh infections than healthy trees, since new 
stem or branch infections, as above mentioned, probably originate from without, 
from bacteria washed down from the leaves, 

(b) Bacterial Shoot Wilt 

During a wet season, usually towards end of May, young green shoots of plum 
and cherry make very rapid gro^wth, and on account of their increased succulence 
become very susceptible to bacterial infection. Such infection is believed to take 
place from direct penetration of the shoot through the lenticels, the ultimate effect 
being that the terminal leaves, though still remaining green, lose their turgidity 
and wilt. On the shoot itself a number of isolated blackened spots which become 
elongated in the direction of the axis arise and soon appear as sunken areas 2 to 
3 mm. long, surrounded by a paler zone which again is bordered by a darker 
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margin. These narrow lesions may sometimes be several inches long, and if 
confined to one side, cause the shoot to curve over, but if the shoot is completely 
girdled the part above the lesion wilts and dies (Fig. 357 b). Shoot wilt is almost 
invariably accompanied by leaf spotting. 

(c) Leaf Spot and Shot Hole 

The cankers on stems or branches, and the spots on the leaves, are two distinct 
phases of this disease. The bacteria pass the winter and spring in cankers on stems 
and branches and die out in the summer but not before the leaves become infected 
from them. It is not exactly known how the leaves become infected in the spring. 
It is possible that the organisms are carried from the cankers to the leaves by in- 
sects or splashed in raindrops, or perhaps the bacteria pass the winter in or on the 
buds, infection of the leaves taking place as the buds expand. There is little doubt, 
however, that much of the leaf-spot infection occurs during wet periods from the 
splashing of the organisms from cankers to leaves. The spots on leaves of the 
plum are dark brown, more or less circular, about 2 mm. in diameter, with a narrow 
pale zone around, but the central tissues of a spot killed by the bacteria soon dry 
and drop out, leaving a ‘ shot-hole \ Sometimes young leaves in prolonged wet 
weather become riddled in this way, but a dry spell soon checks fresh infections. 
The leaf spots are infected with bacteria, which, however, do not ooze out to the 
leaf surface unless the leaves are kept continuously wet, and it is probable that when 
such conditions prevail just prior to leaf-fail the bacteria are washed down the 
branches and stem when these parts, as stated, become susceptible to canker 
formation in the autumn. 

On the cherry, the leaf-spot symptoms are much the same as those on the plum 
(Fig. 357 a). The spots are usually numerous and crowded, rather small and 
angular when scattered, the bigger ones being from 1*5 to 3 mm. in diameter. 
Sometimes crowded spots join together to form necrotic blotches causing the 
leaves to become distorted. Isolated spots later dry out and drop out to form 
* shot-holes ’, as in the plum. One way in which infection of leaves probably 
does take place is through water pores around the margin, and a general withering 
of the leaf around the margin is a common feature of infection in the cherry. 
Sometimes infection also occurs on petioles and midribs. This appears to be 
brought about by an extension of the disease from an infected spur upwards 
along the petioles into the lamina, and from the midrib it may enter into the larger 
veins. This method of leaf infection is, however, by no means common, and 
seems to take place only in very wet weather in early spring before the leaves are 
fully expanded, in which event the leaves may be killed before emergence. Leaf 
spotting is usually most severe in the neighbourhood of branch cankers, which 
seems to indicate that the germs are washed down by rain to the foliage beneath, 
and though there is no visible exudation of bacteria on the leaves, yet they may be 
seen in great swarms if leaf spots are dissected in a drop of water, and it is probable 
that the organisms come to the surface of the spots when rain collects on the leaves. 
It is by no means easy to detect the presence of the bacteria in the leaves, except 
in sections suitably stained and counter-stained to differentiate between bacteria 
and mitochondria. In Fig. 358 the germs are shown mostly in the intercellular 
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Fig. 358. — Bacteriosis of stone fruit {continued). Transverse section leaf of cherry showing the 
bacteria in the intercellular spaces at time of very early leaf infection ; there is considerable 
swelling of the cell walls, especially of those cells in contact with bacteria as well as in the cells 
filled with gummy deposit (dark contents). Inset, showing the bacteria between the cells, 
and masses of amorphous gummy substance in the cells, the cell walls being much swollen. 
From slides of specially fixed material, microtomed and stained with Milovidnov’s method for 
differentiating between bacteria and mitochondria (from a slide made by Watson) 


spaces near the small veins, and they are also seen, in fewer numbers, within the 
cells of the conducting sheath. Sometimes wilted flowers and young green fruits 
of cherry may be found to harbour the bacteria in their tissues, but whether such 
infection takes place from without or from within by invasion from infected spurs 
is not known. But the disease may spread from the flower-trusses to the twigs, 
causing a withering of leaves and flowers above the point of invasion, so that 
twig blight occurs and further infection may appear as the fruit develops, the 
fruit stalks turning black and fruit formation is inhibited ^^7), 

Wormald found these diseases of plum and cherry in England to be caused by 
two bacterial organisms which he named Pseudomonas mors-prunorum and Pseudo- 
monas prunicola. The diseases attack also the Morello cherry, the cherry plum 
(Myrobolan), almond and peach, as well as some ornamental shrubs. An organism 
P. syringaCy reported to cause disease in a number of other host plants, including 
roses and lilac and P. citriputeale, causing citrus blast are believed to be 
the same organism as P. prunicola. Whether inter-infection between these orna- 
mental bushes and stone-fruit trees takes place is not yet known, but the relation 
is one of practical importance if these additional hosts are allowed to remain in 
proximity to fruit plantations 

P. mors-prunorum is a rod-shaped organism, from o*8 to 2*5 /x long ; rarely forms 
filaments ; stains slightly by Gram’s method ; one polar flagellum, but frequently 2 or 3 ; 
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no endospores ; thermal death point 46® C. ; optimum temperature for growth 25° C. ; 
colonics on agar, grey or almost colourless ; strongly aerobic ; no gas formed ; survives 
over a range of pH 2*8 to 9-6 ; gelatine dissolved by some strains. (Code number, 

according to the American system, is 211*2222032. 

P. prunicola is rod shaped, from 0*9 to 2*5 by 0*3 to 0*5 fx ; filaments sometimes 
formed ; stains slightly by Gramms method ; one polar flagellum, but frequently 2 or 3 ; 
no endospores ; thermal death point 45" C. ; optimum temperature for growth 25° C. ; 
colonies as above ; liquefies gelatine ; strongly aerobic ; no gas produced. (Code 
number, 211*2322033.) 

The two organisms can be distinguished from each other by growing them in a 
nutrient broth containing 5 per cent, saccharose ; transfers should be made from 3 days’ 
old colonies. When tubes of the nutrient broth with sugar are a few days old they are 
examined by reflected light against a dark background ; the cultures of P. prunicola show 
a slight yellow tinge and are more or less translucent, while those of P. mors-prunorum 
are white and somewhat opalescent. One or both of these pathogens may be present at 
any phase of the disease, but P. mors-prunorum is the one most commonly associated with 
the canker phase in plums, and in the canker of the cherry either or both organisms may 
be present, but P. mors-prunorum is the more common, though the other is also respons- 
ible for the wilting of young, green plum shoots There is some evidence of host 

specialisation in respect of the two organisms, for strains of the pathogen taken from plum 
are more virulent on that host than on cherry, and the same is true of strains taken from 
cherry when inoculated into cherry. 

No conclusive results have been obtained that the disease can be controlled 
by application of artificial fertilisers. Sand-culture experiments showed that 
potash in no way reduced the amount of disease on the highly susceptible Victoria 
plum (worked on a resistant stock) ; in fact, high potash and phosphate content 
of the soil had an adverse effect, and low phosphate content reduced the amount 
of cankering ; it is suggested that the harmful effect of phosphatic manuring is 
due to its action in reducing the availability of iron salts ; lime does not help 
to increase host resistance, proving in fact detrimental when used in combination 
with a balanced dressing of ammonium sulphate, superphosphate, and sulphate 
of potash ^ 23 ), 

Of susceptible varieties of plums. Giant Prune is the worst to suffer from 
canker and leaf infection, followed by Victoria, Czar, Prince of Wales, and Bradley's 
King Damson ; Purple Egg and Denniston Gage are rarely severely affected and 
the variety Utility is definitely resistant < 7 . 19). Of susceptible cherries, Bigarreau 
de Schrecken, Cluster Black Heart, Black Tartarian, Emperor Francis, Bradbourne 
Black, and Black Eagle are very commonly attacked, while Frogmore and Governor 
Wood are less susceptible 

Since the canker phase of the disease on plums attacks chiefly the main stem 
and is less commonly found on the branches, one successful method of reducing 
the disease on the plum is to build up trees on resistant stems, the method being 
known as ‘ framework grafting For this purpose, some stems, such as those of 
Purple Pershore and, in particular, Myrobolan B, give better results than others 
such as Pershore, Denniston’s Gage, and Victoria, all of which are very highly 
open to stem canker, while those of President, Utility, Warwickshire Drooper, and 
Purple Egg are intermediate Although varieties of cherry, in general, 
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are more prone to contract canker on branches than on main stem, there is hope 
that, for cherry trees as well, resistant stocks will be available for working on to 
them the more valuable susceptible varieties 22). 

Since cankers are developed on the trees through wounds during the autumn 
and winter, no pruning should be done during that time, and it is advised to re- 
move all leader shoots, broken branches, and feather shoots during the growing 
seasons, preferably during May and June, at which time wounds are less sus- 
ceptible to infection, for the organisms in the cankers die out during the summer 
and by midsummer most cankers tend to become healed without attention ; any 
open wounds left after cutting should, if practicable, be protected by the applica- 
tion of antiseptic paste such as that employed in the treatment of ‘ silver-leaf * of 
plums (p. 246). 

As the bacteria attack branches and stems in the autumn, and the foliage in 
spring and summer, spraying programmes are recommended on the following 
lines : for stem cankers, spray about the third week in October with Bordeaux 
mixture 10 : 15 : 100; this, however, has not yielded as good results on plums 
as with cherries, and except in severe outbreaks it may be ‘omitted, in favour of 
spraying both plums and cherries with this strength just before leaf fall ; and for 
leaf spots on cherry, Bordeaux mixture 6 : 9 : 100 with a ‘ spreader ’ at time of 
bud-bursting, and again with 4:6: 100, applied 3 weeks after the petals have 
fallen. For plum foliage the latter may be used, under similar conditions, and 
2 or 3 weeks later, using a colloidal copper preparation containing 0-025 cent, 
metallic copper Some growers have reported harm to certain varieties of 

cherries and cropping plum trees (but not to nursery or young orchard trees) 
from spray treatment, but the addition of cotton-seed oil (0-75 per cent, by volume) 
obviates this damage 
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Plum Rust, Puccini a pruni-spinosae Pers. 

Plum rust is fairly common in the south 01 England in wet seasons during late 
summer ; it is not frequent in Scotland where it has only recently been reported 
It is widely distributed in Europe, North America, Australia, New Zealand, Tas- 
mania, Egypt, South Africa, and other areas. The rust also occurs on apricot, 
almond, prune, peach, and nectarine, but is not common on the cherry < 3 , 7, 10, 12) 
Stone-fruit rust is caused by Puccinia pruni-spinosae {Tranzschelia pruni- 
spinosae Fischer). The fungus is heteroecious, having the uredospore and teleuto- 
spore stages on the stone-fruit Prunus host, and the aecidial stage on various species 
of Anemone.^ chiefly A. coronaria (Fig. 359). In the United States, two distindt 
forms of the parasite are recognised, one on wild plums and the other on cultivated 
plums, the latter apparently being the prevalent form in Britain. The diflFerences 
between the two forms are based chiefly on teleutospore characters, no constant 
differences being shown by the uredospores on any of the hosts above mentioned. 
At least two physiologic races of the rust exist 

The rust on the plum occurs mainly on the leaves, its effect being to bring about 
partial or complete premature defoliation and a general loss of vigour in the tree. 
It may occur on badly cultivated soil in dry localities or in low-lying moist 
situations In Palestine, on practically the entire range of hosts above men- 
tioned, the disease may develop locally in all parts of the country during the 



Fig. 359. — ^Plum rust {Puccinia pruni^spinosae). The aecidial 
stage on Anemone coronaria (photo by Dennis) 
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winter, and in summer only areas with a relatively low temperature and high 
atmospheric humidity are affected While in many localities, as in England 

and the south-eastern parts of the United States, the rust is to be found only on 
the leaves, in other areas, as in the western parts of the United States, Australia 
and New Zealand, lesions and cankers may also develop on the young twigs, and 
blemishes and cracks may also develop on the fruits, making the latter unfit for 
canning and export < 3 , 9). The rust first appears as small yellow spots on the 
upper surface of the leaves, and at corresponding spots on the under side brown 
pustules of uredospores appear. While the symptoms, in general, are usually the 
same on all species of Prunus^ small differences have been observed in the colour, 
size, and distribution of the spots on other hosts The lesions on the twigs, 
common on peach varieties, form small cankered areas, causing the bark to split 
longitudinally, and in the crevices uredospores are developed. The blemishes on 
the fruit consist of small, circular, depressed spots or cracks, and mar the appearance 
of the fruit 

The uredosori are hypophyllous, cinnamon brown, pulvurulent ; uredospores 
are oblong clavate, or oblong fusiform, 24 to 42 by 15 to 23 i^i or, 20 to 35 
by 10 to 18 /X with a wall brownish yellow above but paler below, smooth 
above but sharply echinulate below, with 3 to 5 equatorial germ-pores ; the 
spores are interspersed with capitate paraphyses other spore measurements 
given are, 18 to 28 by 15 to 25 /lx, on myrobolan, and 25 to 45 by 12 to 16 /lx, on 
apricot 

The two forms of the fungus in respect of the differences in the characters of the 
teleutospores are defined as follows : 

(a) P. pruni-spinosae forma typica (Fischer) ; on various wild plums. Found in general 
in North America, Europe, and Asia. Aecidial stage usually found on Anemone caro- 
Hniana and A, qutnquifolia. The teleutospore cells are of approximately the same 
size and colour, the wall not noticeably thickened at the top of the apical cell, and 
uniformly coarsely verrucose over both cells ; oblong or obovate-oblong, 30 to 39 
by 18 to 27 /x ; wall, chestnut brown, 1*5 to 2 5 /x thick. 

(b) P. pruni-spinosae forma discolor (Fischer) ; on cultivated plums. In Europe 
generally, with slight exception, on Anemone coronaria. Sori on the leaves are 
pulvurulent, dark, chocolate brown masses forming compact almost black clusters. 
Upper cell of the spore globoid, the lower cell from globoid to an irregular-shaped 
form definitely contracted at the base ; wall of the upper cell generally, but not 
always, thickened at the apex and much darker than the wall of the basal cell, 
coarsely verrucose over its entire surface ; wall of the basal cell never completely 
verrucose, and in some hosts almost entirely smooth. The spores measure from 
26 to 39 by 15 to 23 /X ; the basal cell is generally narrower than the apical cell 

Infected anemone plants present a somewhat stiffer appearance than the 
normal plants, and bear the aecidial cups thickly aggregated on the lower surfaces 
of the leaves (Fig. 359), The aecidia (Aecidiunt punctatum) occur chiefly on 
A. coronaria y but may also occur on the wild A, nemorosay the windflower. In 
Switzerland, infected plants of A, ranunculoides showed hypertrophy of the stems 
and a swelling of the involucral leaflets, with spermagonia and aecidia developing 
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on the sepals The spermagonia are chiefly epiphyllous and scarttered. The 
aecidia are hypohyllous, scattered, often opening out into four widely spreading 
lobes ; the aecidiospores are globoid or oblong globoid, 18 to 26 by 15 to 23 /x 
or 16 to 24 /X ; furnished with a thick, verrucose wall, 1*5 to 2*5 /x thick, cinna- 
mon brown in colour. Plum leaves inoculated with aecidiospores from A, coronaria 
developed teleutospores 80 days later 

The rust is capable of surviving from season to season in various ways. The 
fungus may persist as a perennial mycelium in the underground stems of Anemone, 
and when these are planted in early autumn spermagonia and aecidia are usually 
observed on the leaves, from March onwards. (The mycelium in the underground 
stems is said to be haploid, while in the leafy sub-aerial organs a dikaryophytic 
condition of the nuclei has been found, and there is evidence that the rust is 
heterothallic In some localities the rust appears to survive the winter in the 
form of uredospores which have survived in lesions on the twigs ^7, 8, 9)^ bark, or 
buds, or even on living leaves which had remained attached to the tree. In some 
areas, therefore, the intervention of the aecidial host does not appear to be 
necessary 

To keep the disease in check in the orchard it is obvious that anemone plants 
should not be cultivated in the near vicinity. As a precaution, plum trees should 
be sprayed with Bordeaux mixture when the fruit is about half grown, and again 
immediately after picking ^ 7 . 22, 23)^ A zinc-lime spray, 10 : 5 : 100 was found 
to be almost as good as a 4 : 4 : 100 Bordeaux mixture Lime sulphur, i in 
60, after picking is also recommended, care being taken also to bury deeply all 
infected leaves Gently heating the underground stems of anemone up to 
34° C. for four days was found to kill the rust in the tissues without injury to the 
host ^5). 
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Silver Leaf Disease of Plum, Stereum purpureimi (Fr.) Fr. 

Silver-leaf disease attacks a wide range of fruit trees and bushes, including 
apple, pear, cherry, peach, gooseberry, raspberry, and currant, and is most de- 
structive of all on the plum. All varieties of plums are subject to this disease, 
though some varieties are seldom attacked, while some degree of resistance, in 
certain localities, is shown by Monarch, Purple Egg Plum, and Damsons. A few 
other broad-leaved trees are also susceptible, and the fungus causing this disease 
can thrive saprophytically or hemi-parasitically on the stumps of numerous forest 
trees but rarely on oaks and conifers The disease has been extensively studied 
by Brooks in England, where it first came into prominence about 1902 

A characteristic symptom of the trouble on plum trees in the orchard is a 
silvery sheen on the leaves (Fig. 360), a pathological effect due to the presence of 
fungus mycelium, not in the leaves themselves but in the wood of the branch or 
branches bearing them, often at considerable distances below their insertion. 
Silvered foliage shows signs of wilting as soon as a toxic substance formed by the 
fungus reaches the leaves in the transpiration stream. It has the effect of causing 
the upper epidermis to separate from the palisade cells (Fig. 361) and with the 
accumulation of air under the loosened epidermis, a silvery effect results from the 
play of light on the surface of the leaf. Silvering of the foliage, in any plant, is 
not always a sign of infection and may arise from various factors disturbing the 
normal functions, and silver-leaf disease kills some of its victims, e.g. hawthorn, 
roses, beech, and birch, without producing this feature 

Infection always starts from a wound in the bark or any part of the tree, rarely 
on the roots unless they are exposed, but permeates the entire tree, roots, stem, 
and branches. In early infection of plum trees, which are usually several years 
old before they are attacked, the silvery eflFect may be seen only on a few branches, 
but the affection spreads gradually until the entire tree succumbs. Sometimes 
trees lightly affected may recover if induced to make greater vigour of growth, 
especially during a very dry season ; the disease is difficult to check if a wet summer 
is followed by a comparatively mild 
winter 

Silver-leaf disease is caused by a 
Basidiomycete, Stereum purpureum, whose 
bracket-like or imbricate fructifications are 
common enough on logs or stumps of a 
wide range of trees. The sporophores are 
formed in abundance on killed branches 
of plum trees, and may sometimes be 
formed on a dead branch while the rest of 
the tree is still bearing silvered foliage 
They show considerable variation in 
shape and colour ; sometimes they are 
resupinate, at other times profusely imbri- 
cate ; if the dead branch is horizontal the 



Fig. 360. — Silver leaf of plum {Stereum pur- 
pur eum). Showing contrast between silvered 
(left) and healthy (right) leaves of plum 
(photo by Wormald, Diseases of Fruits and 
HopSf Lockwood) (see also Fig. 32) 
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sporophores are usually found 
pressed down flat on its under 
surface, but if on the trunk or 
on a vertical branch they are 
partially free, bracket-like, and 
densely imbricated (Fig. 32). 
Young sporophores are pur- 
plish in colour but become 
dingy with age ; the free, sterile 
upper surface of the imbricate 
kind is tawny or brown, fre- 
quently hairy and zoned ; the 
hymenium on the lower or ex- 
posed surface is purplish or lilac 
and is covered with basidia. 
Mature sporophores vary from 
2 to 8 cm. across ; they are 
firmly built of a richly branched 
mycelium furnished with a 
vesicular system of hyphae 
(Fig. 48) which resemble a 
‘ 1 aticiferous system* for 
nourishing the hymenium, and under humid conditions there is a constant production 
of basidia with renewed production of spores in rapid succession. The sporophores 
appear in abundance after heavy rain during the autumn and have an extraordinary 
capacity for spore production ; even if kept dry for weeks or months they will sporulate 
freely if moistened, a feature which no doubt accounts for the widespread occurrence of 
the fungus in nature Basidia vary from 4 to 5 by 4 /x ; they carry 4 sterigmata 2 to 
3 jjL long, which bear small, oval, hyaline, thin- walled basidiospores 5 to 7 by 3 to 4 /x 
The fungus is easily grown in culture, from spores sown on sterilised blocks of plum 
wood, or from pieces of the infected wood or bits of a sporophore. The organism 
is common as a saprophyte or hemi-parasite on almost any kind of moribund woody 
material in nature, on which it is usually the pioneer, and does not seem to thrive if the 
substrate is already colonised by other fungi 


"iG. 361 . — Stereum purptireum. Section of healthy leaf of 
Victoria plum ( x 640). Insets, Ay portion of a heavily 
silvered leaf showing separation of epidermal cells from 
the mesophyll. By palisade cells from a yellow, heavily 
silvered leaf showing excessive starch accumulation. C, 
degeneration of one nucleus after nuclear division in a 
palisade cell (after Tetley, Ann. Bot.) 


The spores are able to infect any freshly made wound on plum wood ; snags 
or split branches are a favourable means of entry. Inoculations may also be 
performed by inserting pieces of moist sporophore into T-shaped cuts under the 
bark and are usually followed by the appearance of silvering. The trees are 
liable to infection at any time, but are much less susceptible during June, July, 
and August, so that if any pruning has to be done this operation should take place 
during the summer. At other times the trees are highly open to infection and 
spores introduced into a cut are immediately sucked into the wood by the tran- 
spiration stream Numerous hyphae soon become established in the wood, 
and the developing mycelium extends much more quickly in a longitudinal direc- 
tion, both up and down from the wound, than in a lateral direction, and may 
eventually reach the roots, but whether the fungus ever breaks out from decayed 
roots into the soil to spread infection underground has not been proved. Infection 
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may possibly travel in this v^ay from tree to tree by contact of roots, but again 
only through a wounded surface The bark of a diseased branch does not be- 
come affected as soon as the wood, but the fungus advances within it, as in the 
wood, more rapidly up and down than in a lateral direction As already stated 
the fungus does not pass into the leaves, and the silvery effect and death of the 
leaves are due to the infiltration of a poison produced by the fungus. In affected 
leaves the nuclei in the mesophyll cells break down early, and the separation of 
the epidermis from the palisade tissue is due to inhibition of division m the palisade 
cells, so that after the separation has occurred the epidermis is likely to stretch 
over the affectad parts of the lamina, and the epidermal cells of silvered leaves are 
often larger than those of normal leaves 

In the woody tissues of trees infected by S, purpureum there is considerable 
formation of gum. This substtince, when first formed, is of a pale-yellow colour 
and more or less soluble, but when fungal growth slows down, the gum deposited 
in the farthest reaches of infection is insoluble and black at the margin and denotes 
the limits of infection. Beyond the barrier of black gum the fungus is not able to 
penetrate, and a xylostroma is thus formed within which staling products accumu- 
late. It is probable, therefore, that these conditions occur prior to the develop- 
ment of the sporophores at the exposed part or parts of a xylostroma and in a 
position from which spores can be dispersed into the open. Furthermore, a gum 
barrier may delimit a whole xylostroma, thus rendering the contained fungus 
inert, and the tree may recover. The gum, which is formed by the living cells of 
the medullary rays infiltrates into the wood and appears to he derived from the 
action of the fungal enzymes on the starch contents of these cells. Any vascular 
tracheae in stem or branches occluded with the gummy substance are no longer 
functional in conveying water to leaves 
and buds, so that buds which happen 
to be in the path of advance of the 
fungus fail to open, and only those 
buds outside the invaded tissues are 
able to produce leaves which, however, 
are not prevented from silvering if the 
infiltrating toxin can reach them ; buds 
quite outside the track of the fungus 
may, of course, thrive normally for a 
long time 

Owing to disturbance of the leaf 
functions consequent upon infection 
of the wood, silvered leaves contain 
more starch than normal leaves, and 
some of the starch remains immo- 
bilised however long the leaves may 
be kept in the dark. Branches bearing 
silvered foliage wilt rapidly owing to 
loss of adaptability of the stomata in 
controlling transpiration, and also to 

2B2 



Fio. 36^. — Silver-leaf disease of plum (Stereum 
purpureum). The wood exposed to show the 
dark staining effect which follows upon infec- 
tion of the tree (photo by Foister & Noble) 
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direct physiological disturbance of the tissues which assist in this process 
These features may be shown experimentally if plum twigs with buds just ex- 
panding are placed in an extract of the fungus, or in a culture fluid in which the 
fungus had grown ; wilting and browning of the leaves take place, but no silver- 
ing, owing probably to the rapidity of absorption of the poison. Silvering of the 
foliage and browning of the tissues may be induced by injecting the stem with 
the same fluid extract and the effects produced agree closely with those observed 
in natural infections (Fig. 362) 

Plum trees appear to be in a condition for maximum infection when the food 
materials available for the fungus in the wood are at the greatest concentration of 
soluble carbohydrates. This peak period usually comes in April, after which 
there is a considerable decline until a minimum concentration is reached in 
September ; this probably accounts for the great success of April inoculations, 
and of the difficulty of getting the spores to infect wounds when the available 
carbohydrates are low during the summer. 

The character of the soil does not seem to have any bearing on the incidence 
of silver leaf in plums, nor has the relative intensity of light or shade any influence 
on the severity of infection. Any treatment that will induce greater vigour of 
growth will help infected trees to recover ; to this end, the application of basic 
slag, and to a lesser extent kainit, is recommended 

The nature of the root-stock on which a variety of plum is worked is said to 
influence relative resistance to this disease ; thus when the very susceptible 
variety Victoria was worked on ‘ Myrobolan A ^ stock, susceptibility was greater 
in comparison with the same variety worked on the common plum Further- 
more, one of the differences between the varieties Victoria and Pershore is the 
capacity of the latter to secrete more gum, thus rendering such varieties more 
resistant to attack ^5). Owing to comparative immunity of the trees from infection 
in the summer, silvered branches should be removed before mid-July and all 
prunings destroyed by burning ; if it is found impossible to cut back healthy 
wood, general infection is likely and the tree must be pulled up. Since wounds 
caused by pruning and thinning are slow to heal in plum (and apple) it is advisable 
to cover them immediately with soft grafting wax or preferably with a white-lead 
paint (see p. 246). No infected prunings or logs on which the fungus could fructify 
should be left about the orchard, and since the fungus can thrive on the decayed 
stumps of trees and develop its sporophores, close watch should be made of any 
trees bordering on the plantation, particularly of birches, willows, and poplars, 
which are very susceptible to silver-leaf disease 

By the Silver Leaf Order of 1923, fruit growers are compelled to destroy all 
dead wood of fruit trees killed by S, purpureum before 15th July every year. 
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Femes Disease or Heart Rot of Plums, Fotnes potnacetis 
(Pers. ex S. F. Gray) Lloyd 



Old plum trees in plantations, hedgerows, and neglected orchards are sometimes 
attacked by the Basidiomycete Fotnes pomaceus, infection having entered through 
wounds and in some cases causing a die-back of the branches. Cherry trees are 
also sometimes attacked by it The fungus is widely distributed in Europe 
and America, and has also been reported in Australia The organism is, how- 
ever, only a feeble parasite, and progress of the rot in the trees is usually very slow. 

The disease has the effect of 
converting the centre of the heart- 
wood into a white crumbling mass, 
the affected part being separated 
from the healthy wood by a brown 
gummy zone (Fig. 363). There 
are two stages in the progress of 
the rot, a * gummy ’ and a ‘ white 
rot ’ stage, the latter being marked 
by an increase in hyphal develop- 
ment, especially in the occupation 
of the medullary rays. The gum 
is present in the vessels and in the 
medullary rays and is formed at 
the expense of the starch present 
in the ray cells. When the gum 
disappears in the later stages of 
decay the wood is rendered white 
and soft, a characteristic feature 
of the disease being a reduction 
in the thickness of the walls of 
the fibres. This is effected by 
a removal of the lining layer 
from the walls of the fibres, leav- 
ing a framework of lignin. The 
medullary ray cells, which become 
emptied, are the last to be attacked 
fcy the parasite. Plum wood in 
the final stages of white rot decay 


Fig. 363 . — Fomes pomaceus. Section of wood of Robin 
greengage decayed by the fungus ( x f ) . (Reproduced 
by permission of Director, Forest Products Re- 
search Laboratory, Ann. App. Biol.) 
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is very densely occupied by the fungus. 
The softening of the wood is apparently 
not due to delignification, for the 
damaged wood still gives lignin reaction, 
but to the weakening of the fibres due 
to the removal of the layers lining these 
elements. 

The sporophores may be found from 
November to May, covering usually only 
one side of the tree-trunk (Fig. 364), and 
there is a copious discharge of spores 
during the last week of November, though 
scanty deposits may also be found practi- 
cally throughout the winter ^2). The hard, 
woody fructification when perfectly formed 
is a thick, hoof-like bracket measuring 
about 5 cm. across, but more commonly it 
is resupinate or half-resupinate, forming 
a plate about i cm. thick, adhering to the 
bark. If any of the upper surface is ex- 
posed, the colour is an ashy grey, turning 
a brownish grey in the older parts ; the 
porous hymenium is at first ashen then 
finally dark cinnamon brown. The hy- 
menial pores are minute, about 4 to 5 to 
the mm. The spores are hyaline, almost 
spherical, about 6 in diameter ; the flask-shaped cystidia are dark brown and measure 
on an average iS by S fx The basidiospores remain viable for long periods (24 weeks) 
and the fungus may be cultured from them or from diseased wood, on malt or Dox^s agar, 
the optimum temperature for growth being about 30° C. The dense growth of mycelium 
is colourless at first, darkening later to a cinnamon buff ; it retains its infectivity for a long 
time 3). 

Once the tree becomes affected, this disease is very difficult to control, and early 
removal of branches which exhibit symptoms of die-back is advisable, the wound 
being suitably protected by an antiseptic coating The variety Pershore is 
rather more susceptible than the Victoria plum 

1. Cartwright, K. St. G., and Findlay, W. P. K. : 1942. Ann. App. Biol, xxix, 219. 

2. Fisher, Eileen : 1935. Trans. Brit. Myc. Soc. xix, 102. 

3. Rumbold, C. : 1908. Natur. Z. Forst.- u. Landw. vi, 81. 

4. Wormald, H. : 1946. Diseases of Fruits and Hops, Lockwood, London. 



Fig 364 — Fomes disease of plum (Fonies ponta- 
ceus) The hoof-shaped fructifications on the 
stem [( < 0). (Reproduced by permission of 
Director, Forest Products Research Labora- 
tory, Ann. App. Btol ) 


Cherry Leaf Scorch, Gnomonia erythrostoma (Fr.) Auersw. 

This disease of wild and cultivated cherries was first observed in Germany 
about 1880 and in 1900 was reported to be present in numerous districts in 
south-west England 

Trees affected with leaf scorch retain their withered leaves for an abnormally 
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long period, often throughout 
the entire winter and some- 
times into the spring. Withered 
leaves may even be found when 
the trees are producing new 
blossom ^5). The disease has 
the effect of inhibiting the for- 
mation of the normal absciss 
layers at the base of the petioles, 
thus preventing the fall of the 
leaves (Fig 365) 

Early symptomsof‘ scorch’, 
seen on the leaves about the 
beginning of July, consist of 
yellowish patches along the 
margin or near the midrib , 
the fruit may also be attacked 
about the same time and may 
either drop off early, or not be 
formed at all, or it may become 
malformed and develop hard 
spots on the flesh ^5) With 
the spread of the disease m the 
leaves and its extension into 
the leaf stalks there follows 
much destruction of the leaf 
tissue ; the trees become so 
impoverished that little fresh 
wood is made , those infected 
for a number of years show 
weak growth and finally die. 
Owing to lack of nutrition from 
the poor reserves laid down in 
the wood, the twigs of the 
current year remain stunted, 
the mternodes scarcely develop- 
ing at all, and the leaves are 
small and crowded together. 

Leaf scorch is caused by 
Gnomomaerythrostoma, a member 



Fig 365 — Leaf scorch of cherry {Gnomoma erythrostoma) 
Top, a cherry branch with withered leaves of last 
season still firmly attached at points indicated by the 
three pointers Below, old, dead leaves, seen below 
the flowers, have remained attached to the branch 
throughout the winter and bear perithecia (photos by 
Salmon, Wye Reports) 


of the Pyrenomycetes. Towards the end of August the spermagonial fructifications may 
be seen in great number on the under side of the leaves, forming tiny circular spots on 
the yellowed parts, and soon the whole leaf turns brown. The spermatia are straight or 
curved, 8 to 18 by 0*5 /x, and are extruded through an ostiole, embedded in a short, 
mualagmous coiled thread Perithecia continue to develop in the leaves from Novem- 
ber to March ; they are furnished with a long, protruding neck ; the ascQspores, 16 to 18 
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by 5 to 6 /i, are septate, and unequally 2-celled ; there are no paraphyses. The perithecia 
in the leaves usually reach maturity in the spring and the ascospores are ejected when 
the new leaves appear. Penetration is direct and the intercellular mycelium, 

devoid of haustoria, becomes established mostly in the spongy mesophyll. During the 
summer the fungus passes from the lamina into the leaf-stalk, killing the cells right 
down to the branch without, however, actually entering the branch itself, but preventing 
the formation of the absciss cork layers. 

The disease is favoured by a moist environment, and its rapid spread is often 
encouraged by overcrowding in the orchard. 

The varieties Florence, Waterloo, Frogmore Bigarreau, and Early Amber are 
very susceptible ; Blackheart and Elton Heart less so ; while Turk, Crown, and 
acid cherries are resistant 

To check the disease, the trees should be sprayed with Bordeaux mixture 
(4:4: 50), a first application being given just before the flowers open (in Kent 
about 1 2th April), and a second soon after the petals have fallen (about loth May). 
If trees are few, the dead leaves should be collected and destroyed 

1. Brooks, F. T. : 1910. Ann. Bot. xxiv, 585. 

2. Carruthers, W. : 1901. J. Roy. A^ric. Soc. Ixii, 241. 

3. Frank, A. B. : 1886. Ber. d. Deut. Bot. Ges. iv, 200. 

4. Goodwin, W., Salmon, E. S., and Ware, W. M. : 1928. y. S.~E. Coll. WyCy xxv, 147. 

5. Salmon, E. S. : 1907. Ibid, xvi, 286. 


Peach Leaf Curl, Taphrina deformans (Berk.) Tul. 

Leaf-curl disease is common on peach trees and also attacks almond and 
nectarine It is far more prevalent in the orchard than under glass. 

There is no definite knowledge of the place of origin of peach-leaf curl, but it 
is believed to have existed in Britain as far back as 1841 and was recognised 
in 1862 as being due to “ a minute fungus, Ascomyces deformans ’’ The disease 
is now widely distributed in Europe and America, in parts of Asia, notably China 
and Japan, and is reported also from Africa, Australia, and New Zealand 

The symptoms of leaf curl on peach trees in the spring are very striking. Soon 
after the leaves are well out of the bud some of them appear to be distorted, 
folding over so that the tips are directed backwards while others more heavily 
infected curl so badly that the whole lamina with the exception of the tip looks 
like a partially inflated paper bag, but other leaves again, while still being more 
or less dorsiventral, may be distorted from tip to base (Fig. 366). The blistered 
portions are thicker and softer than the normal parts of the leaf blade, and while 
the affected areas may remain green for a while, they gradually change to yellow 
and finally to a reddish purple tint which renders the affected leaves very con- 
spicuous against the green colour of the healthy foliage. The reddish velvety 
surface of the lamina soon becomes covered with a whitish-grey bloom wJiich may 
appear at both surfaces of the leaf, but chiefly the upper. Lesions on the fruit are 
not common. 

Affected leaves fall off early, and in heavy infections the trees may suffer severely 
from premature defoliation in late spring. There is, however, an apparent 
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recovery during the summer 
by the production of a fresh 
crop of leaves, and as this new 
foliage is obviously developed 
at the expense of a further 
drain on the already depleted 
resources of the plant, recur- 
rent attacks of leaf curl from 
season to season are very 
weakening and the fruit de- 
teriorates in bulk and quality 
every year. 

Taphrina (Exoascus) defor- 
mans, the fungus causing leaf- 
curl disease, is a member of 
the Ascomycetes, but in its type 
of fructification and behaviour 
in artificial culture it is not at 
all typical of that group of 
fungi. Thus, no true conidia 
are formed, and actually the 
grey bloom on the leaf surface 
consists of a great number of 
asci which are not developed 
and protected within a fruiting 
body at all, but merely break 
through the leaf cuticle under 366— Leaf curl of peach (Taphnna deformans). The 

- . I® - . c affected leaves are thickened (see hig. 143) and of a 

which they arise from a my- reddish-purple colour , note the blistered and crumpled 

celium within the leaf, to form condition of the smaller leaves 

a hymenium of indefinite extent, 

so that the old generic name Exoascus (still in use by many authors) is descriptive 
of the final position of the asci exposed on the surface of the leaf (Fig. 143 d). The 
asci vary in size from 25 to 40 by 8 to 1 1 /x, and appear more like exposed terminations 
of hyphae than the usual club-shaped cells typical of asci. Each ascus contains 8, 
or fewer, globose ascospores which measure from 3 to 4 ju in diameter. A characteristic 
feature of this fungus is that the ascospores frequently bud, in yeast fashion, whilst still 
within the ascus to form minute secondary spores in such profusion as to fill the entire 
ascus. These tiny spores, which may be called ‘ conidia are capable of growing on 
artificial media by budding ; they are slightly oval in shape and measure from 2-5 to 6 by 
4*8 /x<‘*\ The ascospores, which are discharged mostly in early summer, are ejected 
forcibly from the asci, adhering together in tiny spore balls which may be carried by wind 
or splashed in raindrops, and in water the ascospores float apart. In culture it is remark- 
able that the ascospores do not develop a definite mycelium and the colonies consist 
purely of conidia budded from the spores ; some of the conidia, which are furnished with 
thicker walls than others, appear to be of the nature of resistant resting cells and contain 
denser cytoplasm than the remaining thin-walled conidia The resting conidia 

germinate, not by immediate budding, but by producing very short germ-tubes of a 




A 


D 



Fig. 367 . — Taphrina deformans. A, showing stomatal infection (after Martin, Phytopath.). By 
section of leaf showing binucleate condition in the intracuticular and initial intercellular 
mycelium. C, various types of sprout conidia (after Fitzgerald, Sci. Agric.). D, cells of sub- 
epidermal mycelium, viewed from above. Ey a case in which copulation of conidia has 
apparently preceded penetration. Fy G, hyphal penetration between epidermal cells. Hy the 
sub-epidermal mycelium. /, Jy Ky types of binucleate cells. L, M, iV, copulating conidia, 
from a culture. 0 -S, budding conidia (after Mix, Phytopath.) 
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swollen, vesicular nature, and from these, by a further process of budding, thin-walled 
conidia are formed again (Fig. 367). 

It is still not clearly known in what form the fungus of leaf curl survives from 
one year to the next. For a long time it was believed that the fungus existed as a 
perennial mycelium within the shoots the fungus attacking the leaves again at 
the opening of the buds. It was maintained that the young wood became infected 
by the fungus passing into it from affected leaves, the mycelium surviving in the 
wood to renew infection in the spring, but this is now believed to play but a small 
part, if any, in perpetuating the disease Some state that the fungus is 

continuous from lamina to petiole, though in decreasing quantity towards the base 
of the petiole but others are emphatic that the mycelium in the leaf never 
reaches the wood at all The general opinion would appear to be that primary 
infections which occur at the opening of the buds in spring are effected by spores, 
probably resting conidia, which have been sheltered on some part of the host 
during the winter 

Infections take place almost entirely in the spring, and when the dead infected 
leaves fall off prematurely in June and July and new foliage is developed in the 
summer to make good the loss, the trees to all appearances are free from disease 
for the rest of the season, for the new leaves are rarely attacked. But it is not clear 
what happens to the ascospores or the budded conidia which remain in the 
hymenium on the fallen leaves, and there is no evidence to show that they are 
capable of living through the winter on the decayed leaves on the ground, or in the 
soil, or elsewhere Since the ascospores do not reach maturity and are not 
discharged until early summer, their part in starting primary spring infections 
would appear to be ruled out. 

The new foliage developed in summer to replace the prematurely fallen in- 
fected leaves apparently remains quite clean to the end of the season, and this is 
difficult to understand since the ascospores are in full discharge from the fallen 
leaves at that time. It has been observed, however, that late infections do actually 
occur on the new summer foliage but the lesions remain undeveloped, and, as they 
are so small and scattered over the leaf, they usually escape detection. Whether 
these light and late infections on the summer foliage are directly due to ascospores 
or to secondary infections from the spring lesions is not known, but it is remark- 
able that the primary spring infections on the young expanding leaves are so success- 
ful while infections on young leaves produced in the second crop in the summer 
are hardly visible, if not entirely absent. The probability is that the disease fails 
to develop on the second foliage owing to the higher summer temperatures, and 
these belated summer infections are so light that affected leaves are not lost to 
the trees prematurely like those at the spring infections, so that during the summer 
the trees to all appearances are free from disease. 

At the time the ascospores are being discharged in the summer, the young 
buds in course of development in the axils of the leaves are protected by bud 
scales of such smooth texture that it is hardly possible for the ascospores to become 
attached to them and remain viable for a long period. It is, however, not improb- 
able that if the ascospores germinate forthwith on the bud scales to form conidia. 
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the latter by virtue of their mass production and yeast-like consistency are enabled 
to adhere to the buds, especially as the bud scales become more and more pubescent 
towards the winter. Conidia produced from ascospores in artificial culture are 
capable of withstanding desiccation and low temperatures, and it is probable that 
the fungus is capable of surviving the winter in the form of agglutinated masses 
of conidia on bud scales or twig surfaces on the host In old cultures where 
budding is less frequent, the conidia are often quite thick-walled and the fungus 
may possibly be able to tide the winter on buds or twigs in this form. It appears, 
however, to be a matter of some difficulty to collect and isolate conidia from any 
parts of the host, even by washing, during the winter. Finally, there is the possi- 
bility that the organism may live over adverse periods as a saprophyte in the soil 
or in substances naturally occurring on the bark of the peach, in the same way as 
wild yeasts are known to thrive epiphytically on their various hosts Moreover, 
sporulation has been found, in California, on peach fruits 

T. deformans is easily grown in artificial culture on a variety of media, even on those 
of low food value such as a dilute solution of peach gum. As stated, the growth from 
ascospores consists entirely of budding conidia forming colonies of a creamy consistency, 
like yeast. On potato dextrose agar ^23) the lobed colonies are thick and convex, at first 
white, later becoming pink ; a well -developed mycelium, as already stated, is not produced 
in culture, but when the growth passes over eventually to the production of thick -walled 
conidia, the latter may sometimes be seen to germinate (Fig. 367 L, M, n) by the formation 
of very short hyphae which, however, resemble short chains of oval cells more than hyphal 
threads with definite cross walls <>2, 21, 29) a 2 per cent, dextrose broth to which o*i 
tryptophane, or i-o per cent, peptone, was added, the maximum amount of growth by 
budding occurred over a range of temperature from 12° to 16° The organism has a 

wide range of tolerance towards acid and alkaline conditions ; on potato dextrose agar 
the best growth occurred at a reaction of 

Inoculations on peach have been performed successfully by smearing the buds 
with the yeast-like masses of conidia from pure culture, or by spraying twigs and 
buds with a suspension of conidia in sterilised water. Strong evidence in favour 
of the view that the fungus is capable of tiding over the winter in the form of 
conidia on the surface of the host was obtained from the observation that conidia 
sprayed on to the tree survived on the twigs from July to the following spring and 
were still able to cause infection culminating in the symptoms characteristic of 
leaf curl. Moreover, shoots that had been specially protected by covering them 
with bags to prevent the deposit of conidia showed complete freedom from disease, 
which would not have been the case had infection been present as perennating 
mycelium in the tissues of the shoot. Despite the observations that mycelium 
from the leaves may sometimes travel down the petiole into the twig of the current 
year, in some cases setting up distortion and hypertrophy of the shoot, there is 
no clear evidence that primary infections can be initiated from perennating 
mycelium emerging from the wood 

It is noteworthy that the development of a true mycelium in the history of 
peach-leaf curl takes place only on the living host. Conidia sprayed on to young 
leaves continue to grow by budding, and long, dichotomously branched, septated 
hyphae soon make their appearance on the surface of the leaves. The tips of some 
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of these hyphae enter the leaf by cuticular penetration but stomatal entry 

also occurs (Fig. 367 a) Since early infections take place as soon as the buds 
break into leaf, infections occur largely at the lower leaf surface, but later, when the 
leaves are expanded, the upper surface may also be entered. The intercellular 
mycelium travels across the mesophyll and proceeds to spread out chiefly between 
the palisade layer and the upper epidermis, where it develops in greater abundance 
than in any other parts of the leaf. Infection of the young leaf does not retard its 
growth ; on the contrary it has the effect of stimulating cell division in the meso- 
phyll cells to such an extent that the intercellular spaces become almost obliterated 
and there is finally little distinction between the cells of the palisade and spongy 
mesophyll, and the cell walls are also considerably thickened (Fig. 143). All 
starch contents in the leaf are used up by the fungus, and with the gradual degenera- 
tion of the chloroplasts a rich purple pigmentation appears in the enlarging vacuoles 
of the infected cells 

In preparation for the reproductive stage, the branches of the mycelium which 
became established between the epidermis and mesophyll now make their way 
between the epidermal cells to form a network of short cells beneath the cuticle 
(Fig. 367 b). When the latter is raised up and finally ruptured, these cells, each 
furnished with a pair of nuclei, elongate somewhat and form a more or less con- 
tinuous hymenium over the blistered area. The paired nuclei in each cell fuse 
and on the division of the fusion nucleus one of the two nuclei moves to the distal 
portion of the cell while the other nucleus remains in the basal part, which is 
finally cut off by a cross wall to form a small stalk cell to the upper and larger cell 
which becomes the young ascus. The nucleus in the latter undergoes a reduction 
division and eight spores are formed, but sometimes fewer, frequently only six, 
develop ; each ascospore is uninucleate (Fig. 143 d) ^^7), 

The incidence of leaf curl is usually associated with comparatively low tempera- 
tures such as occur in the spring. The minimum temperature for the growth of 
the fungus is below 10° C., the optimum about 20° C., the maximum lying between 
26° C. and 30° C. The inability of the fungus to thrive at comparatively high 
temperatures is perhaps one reason why the new leaves developed in the summer 
do not become infected despite the active discharge of ascospores during that 
period. The trouble in the orchard is especially severe if cold, wet weather prevails 
at the time the trees are bursting into leaf ; in Germany in 1927, after a mild 
winter followed by an early spring, the disease was abundant, but in 1929, following 
a corresponding, comparatively very cold period, it was practically absent 

In view of the wide acceptance that the fungus causing leaf curl tides the winter 
in the form of conidia or their derivatives (the ‘ yeast ' conidia) lurking between bud 
scales or in crevices in the bark of shoots and branches, a considerable amount of 
investigation has been done to control the disease by spraying. Obviously the 
treatment must be carried out before the buds open, and in Britain the trees should 
be sprayed about the end of February. Good results have been obtained with 
lime sulphur, Bordeaux mixture, and Burgundy mixture ^5, 16, 30)^ the last 
named in the proportion of 9I oz. copper sulphate, ii oz. soda, in 3 gallons of 
water being found very effective A dormant spray of Bordeaux mixture 

of 6 : 10 ; 100, with lubricating oil as an adhesive in the proportion of 3 gallons of 
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oil to each 100 gallons of the mixture, is also recommended A winter spraying 
during December or before mid-January with 6 : 6 : 50 Bordeaux mixture before 
the buds burst, or with i in 8 lime sulphur before the winter buds swell, has also 
been found beneficial ^ 3 . 20) Others recommend a very alkaline Bordeaux 
mixture incorporating casein as an adhesive, applied at the beginning of winter 
A spring application of 0*75 per cent, copper sulphate when the buds are at the 
swelling stage is also advised Though not in itself a sufficient means of checking 
the disease, it is profitable to cut out infected shoots and see to the removal of all 
infected leaves in the vicinity of the trees, destroying all such material by burning. 
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Shot-Hole Disease of Peach, Clasterosporium carpophilutn (Lev.) Aderh. 

‘ Shot hole or ‘ gum spot ’ disease attacks stone-fruit trees such as almond, 
apricot, peach, plum, cherry, and some other related kinds. It is of common 
occurrence wherever these fruits are cultivated, existing in the warmer parts of 
Europe, and extending across the fruit-growing districts of Russia into Central 
Asia, where it causes most severe losses to the apricot industry (export of dried 
fruit) <2i). It also occurs in Australia ^* 5 , 17)^ and New Zealand whence it has 
driven out of cultivation the once very common Maori peach. It is prevalent too 
in Algeria and Tunis, and is responsible for serious epidemics on apricots and 
peaches in certain parts of South Africa In the United States the disease occurs 
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chiefly on apricot and peach 
The serious losses suffered annually 
in some areas are due not so much 
to the actual destruction of fruit as 
to the extensive premature defoliation 
brought about by the disease, the 
result being that fruiting twigs are 
weakened and fail to develop fruit 
properly 

The first discovery of shot-hole 
disease was made in France in 1843 
and its occurrence in England dates 
back to 1 864 when it was observed on 
a variety of peaches grown in Plint- 
shire In America it was first 

found in 1894, in Michigan County, 
also on peach trees 

The disease is caused by a member 
of the Fungi Imperfecti, Clasterosporium 
carpophilum, which now replaces the 
older name Coryneum heijerinckii^'* 
though the latter is still used in America. 

The systematic position of this organ- 
ism has, however, not been definitely 
established, and it possesses some feat- 
ures which appear to indicate close 
affinity with the genus Helmintho- 
sporium The only fructifications formed 
phores (Fig. 369) arising on leaf spots, and i 



5. 368. — Shot hole of peach {Clasterosporium 
carpophiluni). A, the shot-hole effect in leaf of 
peach. B, C, lesions on the fruit. D, on the 
stem (photos B, C, D, by I^ouw ; reproduced 
by permission of Editor of Farminf^ in South 
Africa) 

by the fungus consist of coremia of conidio- 
1 black, sunken lesions on stem and fruit. 


In artificial culture, as on corn meal or quaker-oats agar, spore formation usually 
occurs from a mycelium which gives rise to single conidiophores, but on the host, the 
conidiophores are developed in groups or coremia ; saltation is frequent The 
conidia are elongate-fusoid, 23 to 62 by 12 to 18 /x, pale olivaceous, 3 to 5, mostly 3- 
septate, with slight constrictions at the septa. They are viable for at least 15 months, 
and on germination give rise to hyphae coated with mucilage by which the developing 
mycelium is enabled to adhere closely to the substratum ; sometimes the germ-tubes 
develop appressoria, especially when germination takes place in the light 


Symptoms of the disease vary somewhat according to the type of host and 
locality. In America the disease takes the form of an affection of the twigs, called 
‘ twig ’ or ‘ winter blight whereas in Europe and Australia the predominant 
phase consists of perforated leaves and early defoliation, hence the common name 
of ‘ shot hole * given to this malady, on account of the small round holes left in 
the leaves after the affected spots drop out (Fig. 368). Lesions on the stem are 
far more common on peach than on apricot trees, while almond trees do not usually 
become affected with the twig-blight phase of the disease at all. But a serious 
feature common to all these three hosts is the blighting of dormant buds, and in 
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Fig. 369. — Clasterosporium carpo- 
philutn. Ay section of a small 
acervulus showing conidia. By 
various modes of development of 
conidia and their germination 
(after Samuel, Ann. Bot.) (see 
also Figs. 138-140) 


this respect apricot seems to suffer most. In- 
fection of the foliage, with the shot-hole effect, 
and later, defoliation, may again be common on 
all these three hosts. Infection of blossom and 
fruit is more prevalent on apricot and almond 
than on peach (Fig. 368 B, c). 

Infected peach trees examined during the 
winter or early spring show on the young wood 
small, dark, irregular cankers which may vary in 
size from a pin’s head to lesions \ inch long or 
more, and from which there is usually a copious 
exudation of gum. If these cankers girdle the 
young branches, a die-back condition may occur, 
and the loss of young wood is perhaps the most 
serious phase of shot-hole disease ; in bad attacks 
all the previous season’s growth may be killed 
during the winter. In the spring, at the opening 
of the buds, the disease becomes active, and 
while many buds may fail to open, others lightly 
attacked make variable attempts to develop 
shoots, which may subsequently become blighted, 
appearing as if scorched When the trees are 
in leaf, infection of the foliage consists of small 
round yellow spots with a purplish margin, but 
the yellow centre soon turns brown from the 
death of the tissues below, and then usually drops 
out, leaving a hole right through the leaf. On 
young leaves diseased spots may increase in area 
rapidly, and a fair portion of the leaf blade may 
turn brown and be killed without developing the 
shot holes characteristic of the smaller, localised 
lesions. If leaf infection is heavy, severe defolia- 
tion may ensue, leaving the trees in a weakened 
condition 

It is not usual for the disease to attack the 
flowers of the peach, but floral infection is 
common in the almond. Lesions on the fruit of 
the peach are, however, fairly common, and, like 


those on the leaves, are purplish at first, later turning brown but having a reddish 


margin ; they finally become sunken into the tissues and filled with dark-coloured. 


sticky conidia. Not infrequently, diseased fruits may dry out, becoming mummi- 
fied, and such fruit, by remaining attached to the tree over winter, may act as a 
source of infection in the following spring ^7). But the fungus is believed to 
survive the winter chiefly in twig lesions and in blighted buds, both as mycelium 
and spores. In the buds the spores are held and protected largely between the bud 


scales, and may be found in a viable condition at all times of the year. The fungus 
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remains alive in twig lesions of the peach for at least a year, again furnishing spores 
for leaf infection in the next season. 

The spores are scattered chiefly by rain splashing on the trees, and, by virtue of 
the mucilaginous character of the spore-coat, once in contact with the host the spores 
are not easily dislodged Infection of the leaves during rainy periods may start 
as soon as the leaves project beyond the bud scales, and may continue on the ex- 
panded leaves for a long time, but the foliage is more resistant as it gets older. 
Infection may take place at either surface of the leaf, direct through the cuticle ; 
in the leaf, the sparingly branched mycelium fills the intercellular spaces of the 
mesophyll and may also enter the cells. The host reacts to infection early and the 
activity of the fungus is definitely checked when the host cells around the margin 
of the lesion, by becoming lignified stop further progress, and as the cells just be- 
yond the lignified zone divide to form a suberised zone (like the absciss layer at the 
base of a leaf), the central part of the spot becomes isolated from the rest of the leaf 
and drops out, but the margin around the shot-hole is protected by the cork border, 
so that there is no further spread of infection into the leaf ^^7) (Figs. 138-140). 

The young twigs appear to become infected while they are still covered with 
epidermis, that is, before cork formation has begun. Penetration takes place in 
the same way as in the leaves, and the young fruits are believed to be attacked in 
a similar manner. In some cases buds may be killed when the twigs are blighted, 
either by direct attack, or perhaps by the fungus within the twig entering the 
bud at the base. In other cases, when the trees are in leaf, buds in the leaf axils 
become infected from spores washed down to them from lesions on twigs and 
leaves, and the spores retained within the bud scales remain thus protected and 
viable until the buds open in the spring. A good number of the early spring 
infections are seen to break out on the lower parts of the trees, close to the ground, 
caused probably by the splashing of spores from over-wintered leaves and fruit 
left lying on the soil ^ 7 ). Warm, rainy periods are greatly favourable to the incidence 
of this disease, and relatively long and continuous rain during the preceding winter 
is invariably followed by heavy loss of fruit. 

As the fungus is capable of survival, especially in blighted buds and twigs, for 
periods of more than a year, methods of controlling this disease should be directed 
towards checking bud and twig infections. A spraying programme carried out 
with Bordeaux mixture, with or without lime sulphur, in sequence, is fairly 
popular among growers of stone-fruit trees In South Africa, Bordeaux 

mixture alone, in the proportion, 4 : 6 : 50 is recommended for spraying peaches, 
the first spraying being done before the arrival of the winter rains, or before the 
trees have lost all their leaves, a second application being given just before the 
buds open As this mixture is said by some to injure the foliage, lime sulphur 
is sometimes used and found to give equally good cover <5, (>> 10), Thus a 20 per 
cent, application is made at the dormant period, followed by three treatments, 
using a weaker strength of 2 per cent., before blossoming, the other two being 
given at intervals of tw'o or three weeks Some recommend the addition of 
lead arsenate to the spraying fluids to ensure increased adhesiveness 12, 16)^ A 
dormant application of carbolineum followed, before blossoming, by a copper 
oxychloride spray is also recommended 
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No varieties of any of the trees above mentioned have proved to be immune 
from shot-hole disease ; and some varieties of peaches and plums which have 
shown some measure of resistance to twig infections are very susceptible to fruit 
infections. 

All infected wood and mummified fruits should be removed before the winter, 
and if practicable all infected debris on the ground gathered up and burned. 
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Red Core of Strawberry, Phytophthora fragariae Hickman 

This root disease of strawberry is believed to have first appeared in Scotland 
about 1920 and is commonly known as the Lanarkshire strawberry disease 
Since that date its spread has been rapid and cultivation of this fruit in the Clyde 
area is now on a much reduced scale. The trouble is widespread throughout 
Scotland 19-22) ^nd though somewhat less prevalent for a few seasons previous 
to 1943, during that year it again caused heavy losses in many plantations ^*7), 
It occurs also in several parts of England ^7, u, 23)^ and the disease known in the 
United States as ‘ red stele ' is identical with the one now described 
though there has been an element of doubt about the identity Its 

first occurrence in the United States, under the name of ‘ black stele was in 
Illinois in 1935 

Strawberry plants usually show the first signs of disease during the first fruit- 
bearing season and there is no definite evidence of its presence in the first year of 
growth. It breaks out in late spring or early summer in more or less circular 
patches in the crop, affected plants being small and squatted, the leaves of a dull, 
leaden-green colour becoming browned and sometimes reddened around the 
margins. The outer leaves are the first to perish though they are frequently 
retained for a long time. Affected plants may either fail to develop fruit at all 
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or die before the first berries ripen. In general, the effect of the disease is to 
check growth so that the plants produce few or no runners, ultimately wilt and 
die. After fruiting is over, lightly affected plants may recover to some extent 
by the development of new roots to replace those lost through disease. The 
recovery, however, is only temporary, for the new roots, in turn, become in- 
fected, and though root renewal tends to produce long woody stocks and 
additional crowns, the rooting system is so damaged that it fails to cope with the 
new growth. 

The disease is greatly influenced by weather conditions, and prolonged wet 
periods during late July and August result in considerable spread of the trouble 
in the beds with consequent high mortality during the autumn and winter. Many 
selected varieties of strawberries which had hitherto shown good resistance to the 
disease have partially broken down under very wet soil conditions 

The contrast between the roots of affected and healthy plants is very striking. 
While the roots of sound plants are of firm texture, with an abundance of fibrous 
rootlets, those of diseased plants are soft and greatly deficient in fine roots and 
rootlets. Here actually is the source of the trouble, for the destruction wrought 



Fig. 370. — Red core of strawberry {Phytophthora fragariae). A, plant showing diseased roots. 
JB, C, roots split to expose the red-discoloured steles (photos by Hickman, by permission of 
Long Ashton Res. Station, Pomology) 
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on the finer branches of the rooting system is responsible for all the symptoms of 
starvation shown by the parts above ground 

In the early stages of disease the roots are soft, of the consistency of india- 
rubber, and the tips of the roots become browned and rotted (Fig. 370). Under 
wet conditions, as the disease advances from the root tips, the cortex gradually 
becomes separated from the vascular cylinder and an appreciable length of cortex 
can be slipped off a young root, like a tube, leaving the vascular core or stele pro- 
jecting like a coarse hair from the remaining stump of the root. On exposure to 
the air the vascular strand turns red, this discoloration being a characteristic 
feature of the disease, which gives it the name of'* red core ’ or ‘ red stele ’ 

A root rot of strawberry, known as * black lesion common in Europe and America, 
is caused by a number of fungi, and appears to be distinct from red-core disease 
Whether all the symptoms of red core are caused by one or more fungi is not 
clear. Earlier investigators found a number of fungi in the diseased roots but 



Fig. 371. — Phytophthora fragariae. A, sym- 
podial development of the sporangia. J3, C, 
sporangia produced by proliferation. D, E, 
oogonia with amphigynous antheridia (after 
Hickman, by permission of Long Ashton 
Res. Station, Jf. Pomology) 


conclusive evidence has now established 
a new species of Phytophthora^ named 
P. fragariae to be the true para- 

site. This fungus has two stages of re- 
production, an asexual sporangial and 
an oosporic, and both have been found 
to develop under natural conditions in 
the rotted roots (Fig. 371). 

In damp soil, the sporangia, borne ter- 
minally on short, undifferentiated hyphae, 
emerge to the surface of recently infected 
roots chiefly from the root tips and from 
the cortical tissue close behind them. The 
sporangia are inversely pear-shaped, ovoid 
or ellipsoid, and measure from 32 to 90 by 
22 to 52 /X (average, 60 by 38 /x) ; they 
are hyaline and non-papillate (Fig. 371). 
Germination is indirect and some 40 to 50 
zoospores may be developed, either within 
the sporangium or in an extruded vesicle, 
and further sporangia may arise by pro- 
liferation. Sporangia and zoospores can 
be produced in abundance if bits of the 
roots are placed in water at room tempera- 
ture, or inserted into a portion of the fresh 
fruit. Melted snow proved excellent for 
inducing production of sporangia and zoo- 
spores Sexual organs, oogonia, and 

antheridia (amphigynous, less commonly 
paragynous) are produced abundantly in 
the central cylinder of the root, in the 
cortex of the smaller laterals, and near 
the tips of recently formed main roots. The 
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oogonia (Fig. 371 d, e) are lateral or terminal, 28 to 46 /x (average, 39 in diameter, 
smooth and thick-walled, and of a golden brown colour ; the oospores with a 3 jix 
thick smooth wall are hyaline, and vary from 24 to 44 /x (average, 33 /x) in diameter 
They have not been observed to germinate and their length of life in the soil has not 
been determined New strains of the fungus are believed to exist 

Though the germination of the oospores has, so far, not been observed, there 
is abundant evidence that decayed roots and rootlets harbouring oospores serve 
to bring about new infections in clean soil. Whether the fungus is capable of a 
saprophytic existence in the soil is not known, but it is reported to be still viable 
after a lapse of five or six even eight years from strawberry planting The 
fungus has been cultivated on Lima bean agar, and portions of the culture in 
water produced zoospores Quaker-oat and French-bean agars gave good 

growth at an optimum temperature of 20° C. ; the sexual organs developed 
sparingly in pure culture 

Young strawberry plants in contaminated soil become infected through the 
root tips. After penetration of the delicate tissues of the root tip the fungus passes 
into the vascular cylinder, entering first the region of the pericycle, then the phloem 
and medulla, less frequently the protoxylcm. The mycelium occupies the cells 
as well as the intercellular spaces. As secondary thickening sets in and the root 
gets older, the fungus concentrates mainly in the tissues of the phloem, with the 
result that roots are early killed and secondary organisms from the soil soon find 
access into the dead root tips. Various fungi, Pythium in particular, follow very 
closely in the wake of the true pathogen. Travelling along the vascular cylinder, 
the organism passes into the larger roots, killing the stelar tissues which become 
gradually reddened. This discoloration is probably due to oxidation of the fungal 
by-products and to their staining effect on the lignified elements of the stele. 
With gradual progress of the fungus towards the root-stock the pace of infection 
slows down, and the tissues of the crown are not occupied to any great extent, if 
at all, the infection being practically confined to the roots. There is, however, a 
certain amount of red discoloration in the root-stock and much of its parenchyma 
may be filled with granular material not found in the healthy tissues, and the 
lignified elements are often stained and plugged, but all these features are due prob- 
ably to the infiltration of some substance produced by the fungus in the roots 

There is no definite evidence to the effect that any particular type of soil gives 
encouragement to this disease, but on this point as well as on the behaviour of the 
fungus in acid and alkaline soils further information is desirable. The disease is 
favoured by damp climate, high soil moisture, and a moderately low temperature. 
The sporangia germinate to best advantage, with a maximum production of zoo- 
spores, between 14"^ and 18^ C., but grow poorly at 4"^ and 22° C. The 

progress of the disease in the field is fairly slow, but on sloping ground, infection 
appears to follow the flow of water, and the trouble is much worse on the low- 
lying parts than on higher ground, or in any part where drainage is impeded. 

For the eradication of this disease of strawberries long rotations are essential. 
Though the trouble is not known to affect any other plant, it is observed to be 
worse after potatoes than any other crop and is least viruleilt when the crop follows 
cereals The most prolific means of spreading the disease has been proved to be 
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the planting of ‘ runners ’ from infected stock, and the rapid manner in which the 
trouble has spread throughout Scotland has no doubt been due to the distribution 
of apparently healthy plants from a few infected sources Soil disinfection with 
a view to destroying resting oospores or mycelium has not been helpful since the 
contamination has been found as low down as two feet or more. The disease 
appears to yield little to any changed methods of cultivation, and special manorial 
treatments have, so far, not been encouraging But highly successful results 

have already been attained in Scotland, through selection and breeding, and though 
the work has been greatly hampered by complications arising from virus troubles, 
good progress has been made in the production of varieties resistant to the dis- 
ease ^7)^ In Britain, the varieties Huxley, Tardive de Leopold, Western Queen, 
Sir Joseph Paxton are the most susceptible kinds ; Royal Sovereign, 'Phe Duke, 
Bedford Champion, Aberdeen Standard, John Ruskin, Overtoun, Scarlet Queen are 
intermediate, while Pillnitz, Perle de Prague, Cambridge Early, Oberschlesien, and 
Auchincruive Climax show considerable resistance. In the United States new 
resistant kinds have been found, among them Pathfinder and a variety called 
American Aberdeen which, though of poor fruiting qualities, has proved over a 
number of years to be resistant both in Britain and in the United States and 
results have already shown that its high resistance has been transmitted to a large 
proportion of its progenies derived by crossing with susceptible varieties of good 
quality j hut the resistance of these and of other promising varieties is 

apparently not maintained under abnormally wet conditions of the soil and 
under a wide range of environmental conditions ; but, so far, Climax has resisted all 
infection 
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Leaf Spot of Strawberry, Mycosphaerella fraganae (Tul.) Lind. 

' Leaf spot though a common disease of the strawberry, is not very harmful 
as it usually affects only the outer leaves and petioles. The spots are small and 
round, about ^ inch in diameter, reddish or purple at first, later turning grey 
or almost white, but may still retain a dark-red colour around the margin. They 
are distributed irregularly over the entire surface, and may sometimes be so 
numerous as to reduce considerably the assimilatory area of the leaf, with the 
result that the fruit remains small and the crop generally poor (Fig. 372). On 
plants under glass, spots may also be seen on the stalks of the flowers or those of 
the fruits Sometimes when the disease takes a more severe but unusual form, 
large areas of the leaves turn brown, in which case entire leaves are killed 
A peculiar form of this disease has also been reported from Maryland and North 
Carolina the tiny achenes on the berries being found to turn black (‘ black 
seed ’ disease) ; this feature detracts considerably from the appearance of pale- 
coloured varieties of the strawberry, hut as it occurs only on one or two parts of 
the berry the fruit appears to suffer little harm. 

Leaf spot of strawberry is caused by Mycosphaerella fragatiae, an Ascomycete of the 
group Pyrenomycetes ; the conidial stage has been variously placed in the genera Ramii- 
laria and Phyllosticta^^\ Conidia may be found in abundance on leaves, petioles and 
flower stalks. They arise on simple conidiophoies which are developed in tufts on small, 
ill-defined stromata between cuticle and epidermis ; the conidia are elliptic or cylindrical, 
hyaline, and measure from 20 to 40 by 3 to 5 /x, and may have 1 or 2 septa ; they germinate 



Fig. 372. — Leaf spot of strawberry (Mycosphaerella fragariae) (photo by Wolf) 
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easily in rain water or acidified tap water The perfect Mycosphaerella-sX2ige develops 
its tiny, black perithecia in the autumn on spots on old leaves, but they are not common ; 
the asci contain 2-celled, hyaline ascospores which measure 15 by 3 to 4 /x. In place of, 
and somewhat resembling, perithecia, the leaf spots may bear small black sclerotia which 
are capable of surviving through the winter on the fallen leaves to give rise to crops of 
conidia for renewal of infections in the spring. But it is not clear, apart from the rare 
occurrence of perithecia, that the production of sclerotia is the only means whereby the 
fungus can tide the winter. Entirely new spots have been observed in early spring to 
break out on the over-wintered dead leaves on the ground in so short a time after they 
are brought indoors as to preclude all possibility of their having originated from newly 
formed conidia, from which it would appear that these new spots on the old leaves 
developed from fresh growth of mycelium that had survived in the leaves 

Infection may occur at either upper or lower side of the leaf and may be direct 
through the cuticle or stomatal the fungus travelling between the cells of 
the mesophyll without forming haustoria When the fungus appears on the 
tiny achenes, as above mentioned, infection travels in through the stigmas at 
flowering time, the fungus thereafter finding its way not only into the tissues of 
the unripe achenes but penetrating also the soft adjacent tissues of the pulpy 
receptacle. Infections of young berries were obtained in the greenhouse both 
with conidia taken from leaf spots and ascospores from perithecia, as well as with 
inoculum collected from the blackened achenes, and the typical symptoms on the 
leaves were also reproduced following the inoculation of young leaves from the 
same source 

As the fungus appears to survive over the winter on dead leaves on the ground, 
these should be gathered and burned ; in large plantations, after the fruit has been 
picked, straw may be spread and burned on the soil so as to kill any infected 
material still left on the ground. If the disease breaks out early the plants may be 
sprayed with 4 : 4 : 40 Bordeaux mixture, as soon as growth is well started, that is, 
when the leaves are about half grown, and the operation may be repeated frequently 
until the fruit is about half size ^7). For fresh planting, runners should be selected 
free from disease, and should any outer leaves become spotted their prompt 
removal and burning will help greatly to prevent the trouble from spreading. 
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Yellow Edge and Crinkle Diseases of Strawberry 

* Yellow edge ’ and ‘ crinkle ’ diseases of the strawberry are of considerable 
economic importance in Britain, and account for much deterioration of the crop, 
here and abroad. While they are generally recognised as two more or less distinct 



CH. XV 


FRUIT 


787 

diseases attributed to different viruses, or virus complexes, there is still a good 
deal of uncertainty about the separate identity and properties of the component 
infective principles. Since both of these diseases appear to have ‘ mild ' and ‘ severe ’ 
phases, it may well be that they are caused by virus complexes. Moreover, it has 
been asserted that no case of yellow edge is ever free from taint with crinkle, and 
it is by no means certain that many reports of the occurrence of strawberry diseases, 
referred to specifically as yellow edge or crinkle, are actually not mixed infections 
of the two together. 


(a) Yellow Edge 


Yellow edge first came to prominence in England in 1930 and has since 

been acclaimed in many parts of Britain as being the main cause of deterioration 
in the varieties Royal Sovereign, Sir Joseph Paxton, and others. The disease is 
present in Europe, Australia, New Zealand, and the malady known in Canada and 
the United States as ‘ xanthosis ’ is now believed to be identical with yellow 
edge 7, 8, 22, 26, 27)^ In some areas, as in Queensland, it is reported to be more 

prevalent than crinkle while in other parts, as in Rhodesia it is frequently 
found in association with a severe form of the latter. In Britain, yellow edge and 
severe crinkle, in bad seasons, may reduce an average crop of strawberries from 
2 tons per acre (3 to 4 tons are not unusual) to little more than 15 to 25 cwts. per 
acre In 1937, in the Isle of Ely, a normal yield of 6 tons per acre was reduced 
to barely a ton 

Strawberry plants affected with yellow edge show the symptoms to an increased 
degree as the plants get 
older, and the symptoms 
are most marked from 


mid-September to the end 
of October. During this 
period the outer leaves re- 
main more or less normal, 
the symptoms being con- 
fined largely to the central 
leaves, which show the 
characteristic feature of the 
disease as a yellow dis- 
coloration extending all 
around the marginal areas 
of the leaflets (Fig. 373). 
This marginal chlorosis is 
the principal feature 
whereby yellow edge can be 
distinguished from crinkle, 



in which the chlorosis is 
unevenly distributed in 
small areas all over the 
lamina Plants affected 


Fig. 373. — ^Yellow edge of strawberry. Plant of variety Royal 
Sovereign showing symptoms of yellow-edge virus infection 
(photo by Rogers, King, and Massee, Set. Hortic,^ by 
permission of the Editor, and East Mailing Research 
Station) 
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with yellow edge also show an irregular, generally upward curling of the leaf 
margins, a downward curling of the midrib, and frequently a distortion of the 
entire leaf. There may also be a considerable reduction in the size of the 
laminae, and the leaf stalks are much shorter than those of healthy leaves and 
the usual red pigmentation is reduced or absent Moreover, affected plants 
have a reduced capacity for forming runners. The fruit is not directly affected. 
But these symptoms are by no means general. Some plants in their maiden 
year exhibit the symptoms in a mild form, and apparently may continue to do 
so indefinitely, while other plants get progressively worse, presenting a distinctly 
severe phase of the disease. It appears that once a plant shows mild or severe 
symptoms in one season, it tends to repeat them in the following year, and while 
sometimes they may become slightly worse, they remain, however, in the same 
category. These variations in symptom-expression among individual plants are 
not associated with nutritional changes, no differences being observable in healthy 
or infected plants when grown in different soils ; for instance, of greenhouse com- 
post or woodland soil or of peat, greater variation in fact being seen in any one 
soil than between plants in different soils 

Since the diversity of symptom-expression presented by plants affected with 
yellow edge is so pronounced, it has been suggested that yellow edge may be the 
work of two or more virus strains in the plant ; experiments at East Mailing 
have not confirmed this hypothesis, but recently give support to the view that 
both yellow edge and crinkle may be caused by virus complexes. These investi- 
gations (concerned with an enquiry into the method of transmission of these 
diseases) have led to the suggestion that a common infective principle, capable of 
transmission, exists in yellow edge and in both types of crinkle, mild and severe, 
this component being probably the virus of mild crinkle. Recent observations 
at East Mailing (25 a, b) show that yellow edge is caused by the combined 
action of two distinct viruses, namely the mild crinkle virus already referred to, 
and another, called the ‘ mild yellow edge ^ virus. But this does not exclude 
the possibility that other viruses or combinations of viruses may also cause yellow 
edge. Thus, a virus isolated from plants affected with ‘ severe crinkle ’, in com- 
bination with the virus of ‘ mild yellow edge also produces severe yellow edge. 
The obligate nature of the association frequently occurring between crinkle and 
yellow edge has, therefore, been demonstrated. 

Observations of the progress of yellow edge on such varieties as Royal Sovereign 
have shown that the incidence of disease depends on the operation of a variety 
of factors. At times the symptoms are well marked, while at other times they 
are masked. This suppression of symptoms is apparently related to the interaction 
of three factors, namely, seasonal weather conditions, soil conditions, and age of 
infected plants. Furthermore, it has been demonstrated that the symptom-picture 
varies in its intensity according to temperature, and especially soil-moisture con- 
ditions, being enhanced in damp weather and inhibited or appreciably reduced 
in hot, dry weather 19, 31)^ Favourable conditions for the disease generally 
prevail, in the south of England during September and October, sometimes also 
in May and June, and are most marked under conditions of abundant moisture 
with an air temperature of over 60 F. ; in south Queensland, the symptoms of 
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yellow edge and crinkle were more pronounced in the cooler than during the 
warmer months, while at temperatures of over 80° F. the symptoms of yellow edge 
were masked 

The virus of yellow edge has been variously named : Fragaria virus i (K. M. 
Smith) ; Strawberry yellow edge virus (Harris 1933) ; Strawberry yellows virus 
(Plakidas 1926) ; Strawberry xanthosis virus (Plakidas 1927) ; Strawberry virus 1 
(J. Johnson Classification). The virus is transmissible by grafting, and is not 
conveyed in the seed. Attempts to transmit the viruses of yellow edge and crinkle 
by mechanical inoculation have failed Strawberry viruses are not sap-trans- 
missible and the separation of the component viruses from the mixtures in the 
plants is accomplished by the aphid vector. The principal insect vector for both 
these diseases in Britain appears to be Capitophorus fragariae in which 

the virus of mild crinkle persists for only a few hours, whereas that of mild 
yellow edge remains for several days "Phis differential persistence in the 

aphid vector has been put to actual practice as a means for separating the com- 
ponent viruses from mixtures present in the plants Observations in 

Bangor, North Wales <29)^ showed this vector to tide the winter on strawberries, 
in the apterous viviparous state, but viviparous alatae and nymphs with wing buds 
have been found in late autumn and winter ; the alatae appear to migrate over a 
distance of at least a mile and there is also considerable movement of apterae 
within a crop. This vector, moreover, will exist on silver- weed (Potentilla anserina), 
Potentilla sterilis, wild strawberry {Fragaria vesca), and Fragaria moschata although 
it has never been observed on natural cultures of F. vesca^ and only rarely on the 
other species and genera. Of other aphides found in the same locality Macrosiphum 
solanifolii was most abundant and bred very readily on strawberries in the spring 
and early summer, and was able to survive the winter in the crop, but in other 
areas it has not been observed to be a vector of strawberry diseases. In 1940 and 
1941 the virus of strawberry crinkle was transferred from Royal Sovereign to 
Fragaria vesca by the vector Pentatrichopus {Capitophorus) tetrarhodus^ producing 
symptoms identical with those set up by Capitophorus fragariae In New 

Zealand, yellow edge and both types of crinkle were successfully transferred by 
Capitophorus potentillae \ 

(b) Crinkle 

Crinkle first came to prominence in England in 1934, on the variety Royal 
Sovereign It was first recorded in America, in Oregon in 1925 and is 
widespread in the Pacific West on certain varieties of strawberries, notably those 
of the Marshall group. Though the disease causes considerable deterioration in 
the crop, the plants are not killed and may continue to yield, but at a reduced 
rate. 

As already stated, the characteristic symptom of crinkle is a localised chlorosis 
of the leaf (Fig. 374), in contrast to marginal chlorosis presented by yellow edge. 
At first the chlorotic areas are very small, merely pin-point flecks, later increasing 
somewhat with expansion of the lamina. A rugose condition of the leaf seems to 
follow the chlorotic areas, but with no very definite pattern. The leaf spots show 
to better advantage viewed by transmitted light, and often the very pale centre of 

2C 
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Fig. 374 — Crinkle of strawberry. Plant of the variety Royal Soveieign showing symptoms of 
crinkle virus infection (photo by Rogers, King, and Massee, Set Hort , by permission of the 
Editor, and East Mailing Res Station) 


these yellowed spots becomes, first red, and then brown and necrotic. Besides 
this mere stippling effect, some leaflets exhibit a more uneven type of chlorosis. 
The yellowing may extend in streaks along a few veins towards the midrib, or the 
veins, for the most part, may be cleared. The above observations, made in Oregon 
in 1932 on plants suffering from crinkle alone, are supplemented by the statement 
that the leaflets, as a rule, were yellower towards the margins. Nevertheless this 
new discovery of crinkle in Oregon was believed to be distinct from the already 
known ‘ yellows ' (xanthosis) but which appeared to be restricted to California 
From what has since transpired about the complex nature of these strawberry 
diseases it is not clear whether the symptoms attributed to crinkle alone are not 
those of mixed infection of yellow edge and crinkle. But another quite distinctive 
symptom of crinkle is a definite change in the pattern of the marginal serrations, 
the teeth being bigger, the whole leaf margin presenting an unnatural, lobed 
appearance. In general, at any season of the year, infection with crinkle imparts 
to the host a lighter shade of green than normal, and in the autumn, whether in 
field or greenhouse, the plants lose much of their erect growth. During favourable 
growing periods affected plants may throw off all these symptoms, but they can 
still be picked out from healthy plants by their lack of uniformity of colour and 
absence of a smooth leaf surface characteristic of normal plants. Finally, there is a 
tendency in affected plants to the development of a downward curling of the lamina 
or a cupping upwards of the leaf margins 

The virus of crinkle disease has been named Fragario^virus 2 (K. M. Smith) ; 
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Strawberry crinkle virus (Zeller & Vaughan 1932) ; Strawberry virus 4 (J. Johnson 
Classification). 

The vv^ild strawberry of the woods, Fragarta vesca^ is never found to be naturally 
infected, but affords a useful ‘ indicator ’ host in the greenhouse and experimental 
plots, for it readily submits to infection, either by grafting of plants affected with 
yellow edge or crinkle, or with both together, or by exposure to the viruliferous 
vectors above named. On this differential host the symptoms transmitted from 
these three sources are highly variable and difficult to analyse, and only a few 
salient features can be given. The symptoms transmitted from plants affected 
with yellow edge alone are not easy to define ; neither is it easy to distinguish 
plants of F. vesca with crinkle alone, from those infected with both viruses. When 
F. vesca is grafted to a plant with yellow edge, the most distinctive feature developed 
is leaf curling, and this has not been seen in plants affected by crinkle alone. Grafted 
to a plant affected with crinkle alone, the salient feature is a chlorotic speckling, 
while F. vesca grafted to a plant affected with yellow edge and crinkle exhibits 
most diverse features which have been grouped into three stages, the salient 
differences being {a) no reduction in leaf size, midrib curled backwards and down- 
wards ; leaf with a rounded outline, with prominent dark-green, raised-up areas ; 
sometimes chlorotic speckling present, attributed to crinkle : (/;) leaves reduced 
to one-half or quarter normal size, avsymmetrical, not curled, local laminal pucker- 
ing, chlorotic spottling, and a reddening may also be present : (r) leaves extremely 
minute, laminae greatly reduced or wanting ; sometimes these leaves do not even 
show typical crinkle symptoms, but remain very small, smooth and green, except 
for a reddening in the region of the veins. At any stage bending and twisting of 
the tips of the young developing stolons may be present, and young runner plants 
produced by these stolons are severely affected 

Samples more or less free from these diseases have been found among certain 
selections of the susceptible varieties Royal Sovereign, Sir Joseph Paxton, and 
King George. These selections showed no visible reaction in F, vesca and were 
therefore considered to be virus-free. While selections of other varieties showed 
no symptoms in themselves, when grafted to F. vesca they transmitted the disease 
to the indicator host, and were therefore symptomless carriers. But one strain of 
the variety Huxley Giant appeared to be free from any virus, and this is being 
propagated at East Mailing for further trials. It is clear that strawberry species 
and varieties differ to a great extent in their tolerance to the viruses here dis- 
cussed, all grades from very susceptible intolerants to symptomless carriers being 
found 34)^ In New Zealand, in 1940, Royal Sovereign proved very suscept- 
ible, and 70 per cent, infection was shown by certain lines of Marguerite, while 
Laxton’s Noble and Captain Cook showed moderately high infection At 

Wisley, in 1940, Aromatic, CampbelPs Seedling, and Redbourn showed definite 
symptoms when infected, while Corvallis, Duke of Kent, Huxley Giant, Etters- 
burg 1 21, Oberschlesien, Pillnitz, and Tardive de Leopold showed no symptoms, 
being all symptomless carriers and, therefore, potential carriers of infection 

For the control of strawberry virus diseases it is clear that growers must select 
from the virus-sensitive, so-called Fragaria virginiana or British group which 
includes the susceptibles, Royal Sovereign, Sir Joseph Paxton, Stirling Castle, etc., 
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and not from the tolerant F. Chiloensis or Continental group, which includes the 
symptomless carriers, such as Madame Lefebvre, Madame Kooi, Brenda Gautrey, 
Western Queen, and others already mentioned In the matter of cultivation, 
special beds for propagation from runners should be situated at least half a mile 
from all other areas under strawberries. New fruiting plantations must also be 
isolated from older beds, and all heavily infected, older fruiting beds should be 
ploughed up after bearing, say, three crops A preliminary roguing of estab- 
lished runner beds should be carried out in June and the final inspection and rogu- 
ing made in September and October ; new plantings of runners should be similarly 
inspected and rogued Since an increasing number of runners succumb to 

yellow edge as the plants grow older, the plants should be grown for one year only 
and propagated annually, observing good cultivation methods so as to avoid 
overcrowding Although the vector Capitophorus fragariae is common on 

strawberries in most districts, it does not appear to migrate widely in the same 
way as, for instance, Myziis persicae, and isolated plots in non-strawberry-growing 
districts are likely to remain free from infection through its agency for long 
periods Such plots of healthy plants for runner production may be protected 
against the greenfly vectors by spraying (nicotine 8 oz., soft soap 8 lb., water 
100 galls.) first in April, secondly before flowering, and again after picking. 
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Crown Gall of Raspberry, Bacterium tumefaciens S. & T. 


Crown gall disease attacks a wide range of plants which include herbs, shrubs, 
and trees, but is of little economic importance except on fruit trees. These belong 
mostly to the Rosaceae family, namely apple, pear, quince, plum, cherry, apricot, 
peach, raspberry, blackberry, loganberry, and many from diverse groups, e.g. 
grape vine, hop, beetroot, chrysanthemum, dahlia, and others (Fig. 142). 

As the name suggests, the galls develop mostly at the ‘ crown *, that part of 
the stem at, or just below soil-level, but in a few hosts, as in the red raspberry 
(the European species Rubus idaeus), they may also occur at various places on the 
long shoots, well above ground (Fig. 375). Crown galls should not be confuwsed 
with the so-called ^ burr knots ’ frequently found on fruit trees ; these abnormal 
knots are often covered with incipient buds and roots and, unlike true crown galls, 
are not always of parasitic origin, and do not develop like crown galls. 

This disease is often troublesome to nurserymen and fruit growers, because 
of its occurrence on stocks which are propagated by stools and layering, and 
particularly so when incipient stages of infection are very difficult to detect, and 
which may, therefore, be carried by apparently healthy plants. Crown galls vary 
considerably in size, according to the host, from that of a pea to lumps several 
inches in diameter, and are naturally a heavy drain on the food reserves of the 
plant ; they interfere greatly with the proper development of the host tissues in 
their vicinity, causing a decided check 
to normal growth, affected plants being 
often stunted and deformed. 

The study of crown gall first came 
into prominence, in 1907, in the United 
States, where it was discovered that 
galls on a species of chrysanthemum 
(‘ Paris daisy ’) were due to bacterial 
infection From the galls an organ- 
ism was isolated, named Bacterium 
tumefaciens, which produced similar 
galls when inoculated into healthy 
plants of the same host. This asso- 
ciation of tumour-like growths with 
bacterial infection naturally gave rise 

to much investigation and considerable A B 



speculation as to whether the origin 
and mode of development of bacterial 
galls in plants would throw any light 
on the cause of animal cancer. But the 


Fig. 375. — Crown gall (Bacterium tumefaciens) of 
red raspberry. A, the gall at the base of the 
plant (photo by Foister & Noble). B, the 
galls on the canes, above soil-level (photo by 
Wormald) 
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evidence so far produced is not convincing that the pathological anatomy of crown 
gall justifies any parallel being made between this disease and animal cancer 

Crown gall has probably been in existence in Europe for over eighty years 
First report of the occurrence of the disease in Britain was made in 1921, again 
on the Paris daisy ^^6)^ and extensive studies have since been carried out in this 
country 37 , 38, 39)^ in the United States, and on the Continent, especially in 
relation to its attacks on fruit trees 3. 4. 17, 18, 21, 25-28 b)^ 

While the choice of any particular host for the description of crown gall is of 
little significance, the selection of the red raspberry here is made because of the 
undoubtable association of the galls on this plant with the organism B. tumefaciens 
and of the indisputable evidence of the pathogenicity of the organism isolated 
from the galls on raspberry, to other hosts, such as apple, tomato, etc. With the 
adoption of this host it is important to note, however, that crown gall of red rasp- 
berry in Britain appears to differ somewhat from the disease on this particular 
host in America 3) These differences are discussed below, and whether they 
are due to genetical differences in the variety of the host is not known, but it is 
probable that the specific origin of the European red raspberry is not the same as 
that of the American plant of that name. 

On English wild, as well as on the cultivated red raspberry, galls may be seen 
to develop throughout the growing season at two places on the plant, namely at 
the crown, and at variable points along the canes. The galls formed at the crown, 
at first a dirty-white colour, later become a brownish colour, and are very variable 
in size and shape, usually about the size of a walnut. On the growing canes they 
arise at variable points, and resemble more or less elongated warts of firm texture, 
some appearing to join together, while others remain isolated ; stem galls may 
also arise so early at the extreme tip of some of the canes that growth is entirely 
checked. While all these symptoms are also reported to be the same on black 
and purple kinds of raspberry in America, on the red variety in that country, 
crown gall appears to be confined to the roots. It is true that galls may also arise 
on the roots of the red raspberry in England but they are different from crown 
galls, being much harder and of a more woody texture than true crown galls, and 
all attempts to isolate an organism from them has failed and, so far, the cause of 
root galls on English raspberry is not known. Similar galls have also been found 
on the roots of red raspberry in Germany but apparently they cause little damage \ 

Bucterium tumefaciens is a short, rod-shaped organism measuring, according to 
Riker from i*o to 1*6 by 0*4 to 07 /x, as compared with the dimensions given by 
Smith and Townsend from i*o to 3-0 by 0*4 to i-8 /x. It occurs singly or in pairs, has 
I to 3 polar flagella, is aerobic, non-acid fast. Gram-negative ; does not reduce nitrates ; 
gelatine is not liquified ; on agar the colonies are small, circular, and white. On nutrient 
agar, with i per cent, dextrose, at pH 6*8, the optimum temperature for growth was 22° C., 
growth being considerably reduced at 30° C. <^7). The organism isolated from galls on 
black raspberry canes in Ohio and other States, appears to differ consistently from the 
crown gall strain originally isolated from apple, and it is suggested that the two are different, 
the raspberry cane organism being a variety of B. tumefaciens^ if not actually a separate 
species But numerous strains of the crown gall organism exist which vary in their 
ability to infect certain hosts 
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The presence of the bacteria in the interior of crown gall tissue has never been 
satisfactorily demonstrated, and the organisms have been observed mostly on the 
outer surfaces of the galls. In fact, the diminishing population of the bacteria, as 
the inner parts of the galls are reached, has given rise to much discussion and 
speculation as to the true nature of crown gall disease. When the galls finally 
disintegrate, the bacteria, during wet weather, are released and washed down the 
stem or crown into the soil and under conditions of a humid atmosphere continue 
to be formed within the living gall remnants, and with further growth of the gall 
the organisms on the exterior are again released from the gall surface ^9). The 
germs are reported to live in the soil for variable periods, from a few months to 
over a year, and to survive the winter in the field 

There is general agreement that the organism of crown gall enters the host only 
through wounds, such as would be caused by pruning, grafting, removing cuttings, 
etc., or through punctured tissues. Such wounds may be caused by insects or their 
larvae, or through breakage of epidermal hairs or prickles, or by a splitting of the 
bark In the United States, arthropods are said to cause most of the injuries to 
the underground parts of the raspberry through which infection occurs and 
the profusion of insects which followed a rotation of ‘ blue grass * was believed to 
be responsible for high incidence of crown gall on raspberry in Minnesota 

After the entry of the bacteria into the wound, the tissues of the host are stimu- 
lated to localised growth around the wound (apparently a period of four days must 
elapse before the host cells are actively stimulated b^t, as already stated, the 
bacteria are apparently confined to the outer surface of the hypertrophied tissues, 
and it is very difficult to follow them into the inner parts of the galls, and increasingly 
so into the adjacent tissues of the host. Some suggest that this diminishing 
appearance of the bacteria as the internal tissues are reached may be due to the 
action of a bacteriophage 

The changes which take place in the host cells during the development of a 
gall, as already mentioned in Chapter VI, are very similar to those which occur 
in the normal formation of callus in wounded tissue A few days after the 
inoculation of a wounded surface, the bacteria may be seen to have entered the 
vessels and sieve-tubes that may lie in the path of injury, and to occupy the inter- 
cellular spaces of the thin-walled parenchyma such as that of the cortex, and cells 
in actual contact with the bacteria early develop necrotic changes similar to those 
which follow on wound reactions. There is, however, no production of cork on 
the surface of the galls and as the dead cells on the surface of the galls continue to 
be thrown off owing to the meristematic activity of gall cells below them, vast 
numbers of the bacteria are carried with the sloughed tissue into the soil. 

Gall formation in the genus Rubus has been studied to better advantage in 
/?. procertiSy the Himalaya blackberry, than in the red raspberry in which, however, 
the salient features are much the same. Cell multiplication in the host, leading 
to gall formation on the stem or cane, starts here in the pericycle adjoining the 
vascular bundles (Fig. 148), and consequent upon this meristematic activity a 
swelling of the wounded region occurs. Within the hypertrophied tissues some 
of the cells continue to be meristematic, adding new parenchyma, both internally 
and externally, to the dividing cells; some of the new cells lose their contents 
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Fig. 376. — Crown gall {Bacterium tumefaciem) of English 
red raspberry. Cross-section of a cane showing the gall 
arising from the tissue outside the vascular bundles, and 
disrupting the bark ( x 4) (see also Fig. 146 d) 
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and become transformed into 
lignibed tracheids (Figs. 146 d, 
148, 149, 376). Within the 
growing gall, the meristematic 
cells are now seen to be scattered 
at various points and separated 
by secondary parenchyma de- 
rived from them. As these 
various meristems continue to 
divide actively they contend 
against each other, with the re- 
sult that there is much crush- 
ing and distortion of the gall 
parenchyma formed by them. 
As some of the parenchyma be- 
comes converted into tracheids, 
the vascularisation of the gall 
presents a most irregular pat- 
tern, the tracheids appearing, 
here and there, in groups or 
bundles of most fantastic shapes . 
In this host there is no exten- 
sion of gall activity into the 
pith of the cane, and the vascu- 
larisation of the gall depends 
entirely upon the conversion 
and lignification of groups of 
the secondary parenchyma into 
tracheids (Fig. 149) 


While an infection at a single point on the plant is usually followed by the 
development of a single gall as above described, it is by no means clear how a 
single infection can account for a senes of galls, separated from each other, and 
at a distance from the point of inoculation. The series of aerial galls common on 
the canes of the red raspberry presents us with this problem for the elucidation 
of which reference must be made to a number of studies of crown gall on Paris 
daisy, Nicotiana and sunflower in these, stress is laid on differentiating 
between these aerial, so-called secondary galls and true secondary galls ; the 
latter have, however, only been produced under artificial conditions, and have 
not, so far, been observed under natural conditions. The naturally-occurring, 
so-called secondary galls are better referred to as aerial galls. They occur only 
when the inoculation is made into very young tissues, such as in the growing 
parts of the shoot. Thus, following upon a single horizontal needle-thrust inocula- 
tion thi'ough the tender apical bud of Paris daisy, a case is cited where six galls, 
developing at the base of the punctured bud-leaves, eventually became widely 
separated from each other by the elongation of the internodes in the normd 
manner of stem growth. These galls had all arisen as a result of the single 
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inoculation having caused six wounds along the track of the needle in the 
rudimentary leaves, whilst still enclosed within the bud, and which became 
separated by the subsequent growth of the shoot. Actually, therefore, these six 
galls, being traceable each to a separate wound, are, all of them, independent galls. 
Moreover, each of the six galls carried, and further developed, its own load of 
bacteria, and from which they were readily isolated Similarly, in the sunflower 
serial galls on the stem occurred only when the original inoculation was made into 
a stem actually growing, or close behind a bud about to elongate True 

secondary galls produced, as already stated only under experimental conditions, 
arise at a distance from one or more primary galls which alone are associated with 
actual wounds. That is, true secondary galls arise from within the injured shoot. 
Moreover, such galls are smooth, not rough like the aerial galls described. Only 
when the smooth secondary galls, such as those observed on Nicotiana break 
out to the surface from pith or cortex, does the surface become rough and, as in 
the other galls, the bacteria are again largely confined to the rough surface. A 
true secondary gall begins with the subdivision of a number of cells adjoining a 
part of the protoxylem in which bacteria had collected, and which were released 
into the intercellular spaces of the pith when the walls of the protoxylem cells 
became torn during the elongation of the shoot, this breakage being a more or less 
normal occurrence during growth In order to accommodate meristematic 

activity, stimulated by the presence of the organisms in the pith, there results a 
slight general displacement of the original pith tissues but there is no intrusion 
of the new cells between the old, at least not for any appreciable distance. It would 
appear, therefore, that these internal galls arise as the result of the diffusion into 
the area where they are formed, of some cell-stimulating substance sent out from 
the infected protoxylem. In the case of secondary galls on the stem of Nicotiana, 
such galls arose around definite centres of bacteria in the interior of the structures 
in which they appeared, without evidence of any invasive growth of tumour tissue 
from a distance having taken place In the unusually wide intercellular spaces 
of this plant, the bacteria were found in definite aggregations or zoogloeae, or of 
zoogloeal strands, advancing through these spaces in the pith. Similar features 
have also been found in inoculated tissues of the tomato (Fig. 146 a), the bacteria 
being found in cell spaces below the epidermis and adjacent chlorophyllous 
tissue The bacteria are readily isolated from the interior of the secondary 

galls, and their migration from the original point of infection for very considerable 
distances through the plant has, in some cases, been conclusively demonstrated. 
Further experiments with galls on sunflower ^7) have shown that pronounced 
swellings arose on stems that had already elongated, at points several inches above 
and below the point of inoculation ; in this case the bacteria were found to have 
travelled through the xylem vessels for a considerable distance, and while it is not 
claimed that the bacteria may actually move out of the xylem tracts, it is suggested 
that the bacteria-filled vessels give out cell-stimulating substances which diffuse 
into the adjacent living parenchyma, there to set up hypertrophy culminating in 
gall formation. 

Following upon the above theory that the appearances generally are not 
inconsistent with an influence diffusing from bacteria-containing tissues, as for 

2C2 
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instance from protoxylem to pith, numerous studies have opened up 

enquiry as to whether the galls arise as the result of the infiltration of a ‘ growth 
substance ’ from the bacteria into the host. Numerous experiments have shown 
that plant galls, similar to crown galls, may be produced following inoculation 
with various growth promoters, in the absence of bacteria. For instance, galls on 
broad bean, which were practically identical with the natural ones, were obtained 
merely by inoculating the hypocotyl with a 3 per cent, heterauxin paste and 
others succeeded in inducing the formation of galls on the same host by the 
application of indole acetic acid paste, from i to 15 secondary galls arising at some 
distances from the point of application The histological appearances, therefore, 
are strongly suggestive that secondary galls are due to the secretion by the bacteria 
in the primary gall, of a cell-stimulating substance which is capable of travelling 
through the stem for considerable distances. It is stated again that the gall- 
stimulating substance (perhaps auxin a or auxin b) may quite as likely be a product 
of the host cells under the influence of the bacteria as of direct bacterial metabolism. 
A summing-up of the situation indicates that, while the presence of some 

kind of growth substance seems clearly to be associated with the development of 
crown gall, the host range of crowm gall, and that of the positive reactions of any 
specified growth promoter, are not always parallel, and crown gall may occur 
readily on various plants on which the growth substance has no effect. As in many 
other pathological conditions in plants, gall formation is probably the result of the 
interaction of host and parasite in producing a cell-stimulating chemical which 
starts the cells on their abnormal career of division. Furthermore, it is suggested 
that the reaction resulting in gall formation may be due, not so much to the pro- 
duction of a cell-stimulating chemical as to the removal of some substance which 
controls or inhibits cell division. But it is fairly clear that Bacterium tumefaciens 
releases some influence which stimulates gall formation, and that galls may arise 
without the continued presence of the bacteria 

Chemical analyses of galled and healthy tissues have been carried out only 
on succulent hosts such as beets, and these have shown that while the tumours 
had a higher content of crude protein, starch, pectins, cellulose, lignin, and 
total ash than healthy tissues, the latter had a considerably higher content of 
sucrose than the tumours The average infected beet contained only about 
one-half the amount of sugar as the healthy beet, although it contained more of 
all the other substances. These experiments with galled beets indicate that the 
galls divert the sugar to build up their own structure, leaving the rest of the beet, 
therefore, deficient in protoplasmic and cell-wall materials, the host remaining 
stunted in consequence. 

There appears to be, in general, some degree of correlation between the 
development of crown gall and prevailing temperature, soil moisture, atmospheric 
humidity, air supply, and maturity of the host. Few specific hosts have, however, 
been experimented on in relation to the influences of these factors. In experi- 
ments on crown gall of tomato 28 b)^ 22^ C. was found to be the most favourable 
temperature for gall development ; galls produced at 18® and 26° C. were much 
smaller, though the host itself reached maximum height at 30° C., at which gall 
development was somewhat checked. While the tomato host grew better when 
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soil moisture was at 8o per cent, moisture-holding capacity, the galls developed 
better at a lower value of 6o per cent. There appears to be common agreement 
that one attack of crown gall in no way influences future gall development, and 
although certain tests for precipitins and agglutinins in the host tissues near the 
galls and in the galls proper have given negative results, precipitin effects were 
observed in the tissues of Paris daisy <^9). ]n comparison with healthy tissue, gall 
tissue is much richer in oxidising enzymes, and on the basis of total nitrogen 
content, gall tissue was found to respire much more rapidly than the corresponding 
host tissue 

In investigated cases of crown gall, the disease has been found to develop more 
extensively on relatively alkaline soils and on well-drained sandy loam than on 
acid, heavy soils The H-ion concentration of plant cell sap most favourable 

to the growth of B. tumefacieris was found to be about ^11 5*2, a value which was 
close to that of meristematic tissue where galls originated 

There is evidence, in the case of apple trees propagated by stocks, that certain 
varieties of the latter behave differently towards infection with crown gall. Thus 
^ Paradise ’ apple stocks are very susceptible in this respect, while those of ' I" ree ' 
types are more resistant. The type of scion worked on the various stocks may also 
have some effect on the reaction of the stock to infection. 

F'or the control of crown gall on the raspberry, all infected canes should be 
removed and burned For its eradication from the field a rotation of at least 
three years is recommended ). Soil treatment has proved to be of little value to 
check infection, though some measure of control resulted from the application of 
sulphur, applied at the rate of 50 to 100 grams per sq. metre As the disease 
can be carried on nursery stock without visible signs of infection, information 
should be sought about the history of the stock. Failing this, the plants should 
undergo quarantine, and cases are known of plants showing no signs of the disease 
in cold storage becoming severely diseased after planting out, infection having 
presumably taken place from bacteria present in undetected galls being washed 
down into the soil, infection taking place through wounds. Young ‘ sucker ’ 
plants are recommended to be steeped in a 0-5 to i per cent, emulsion of uspulun 
loam Since crown galls primarily become established only at wounded sur- 

faces, all precautions should be adopted during and after planting to avoid injuring 
the bark, especially at soil-level. 
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Cane Spot or Anthracnose of Raspberry, Ehinoe veneta (Burkh.) Jenk. 

Anthracnose or cane spot is fairly common in Britain on red raspberry, and 
may also be found on the loganberry and sometimes on the blackberry. The 
malady is widely distributed throughout Europe, Canada, Australia, and occurs 
in all parts of the LTnited States where it is especially severe on the black raspberry 
{Rubus occidentalis) and other species of Rubus, including the blackberry 5, 6, 
7, 8, 15, 16) ji^ Britain the disease has been extensively studied at the East Mailing 
Research Station, where it has been found to attack many of the standard commer- 
cial raspberries <9-13)^ 

In Britain, cane spot disease often occurs along with spur blight (JDidymella 
applanata), described below, and in certain parts of the United States cane spot, 
together with crown gall {Bacterium tumefaciens) constitutes a limiting factor in 
the black raspberry industry 

Anthracnose causes a dwarfing of the canes and often a die-back from the tip, 
and the general result is a diminution in the weight of the crop every year with 
each successive attack. As the name cane spot suggests, the canes are the parts 
of the plants to suffer most, but petioles, leaves, fruiting laterals, and berries are 
also liable to attack (Fig. 377). The canes are more susceptible during early 
growth in their first year, when about 6 to 12 inches high, than when more or less 
matured. From infections which occur from April to early July, mainly in June, 
the stems of young canes are dotted over towards the base with tiny, round, purple 
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spots which, as the canes continue to 
grow, get bigger and elliptic in outline. 

The spots, as they increase in size, 
change colour at the centre to a silvery 
white and become sunken, but are still 
bordered by a narrow margin of purple. 

Owing to tangential growth of the 
affected cane these lesions tend to split 
open and thus become converted into 
small cankers. Such cankered canes 
attacked in the first season of growth 
naturally stand the winter badly and 
are liable to suffer further damage from 
frost and thaw. 

If the canes are infected early the 
cankers usually go down fairly deep 
into the tissues of the stem, often as 
far as the cambium, but after July, when 
the canes have made good growth, new 
infections are not so serious and, unlike 
the earlier sunken lesions, later lesions 
about the end of August remain small 
and shallow. Until October or so, 
these superficial lesions are of a whitish- 
grey colour, but after that they turn 
black from the presence on them of 
the fructifications of the fungus which 
causes this disease. 

Spots which appear on leaves and 
petioles are small and purple at first 
and, like thpse on the canes, develop Fjg. 377. — Anthracnose or cane spot of raspberry 
later a white centre and purple margin. {Elsmoeveneta). Thespotson leaves, petioles, 

On the lamina the small round spots ^ 

occur chiefly close to the veins and if very numerous the leaves may curl and 
drop off prematurely. Sometimes the white centres drop out leaving a shot-hole 
effect. 

By the time the canes are in their second, fruiting year, there may be con- 
siderable cracking of the bark due to fusion of numerous cankers developed the 
previous season, and if the cankers are more numerous along one side of the stem 
than another a distinct twist is developed in the stem. By this time, too, the canes 
have changed from green to brown and the individual lesions are no longer purple 
and distinct. The later-formed, superficial spots have meanwhile become more 
prominent by virtue of the black fructifications of the fungus standing out on them 
in clear relief, these now being more evident than they were in the autumn of the 
first year. 

As soon as the buds are due to unfold on the fruiting canes, it soon becomes 
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evident that some buds will fail to develop at all, or produce only one or two 
dwarfed leaves, while others grow out into dwarfed laterals which fail to fruit, and 
often the tips of many of the canes are dead On fruiting laterals the spots are 
similar to those on the first-year canes, but usually are not serious enough to stop 
the formation of fruit entirely. 

Injury to the fruit comes about chiefly during rainy periods. From splashing 
of spores from the lesions on the stem to the berries, only some of the drupels 
may become infected directly, while others mature normally, so that affected 
berries often show deformed growth, the normal drupels turning red, the affected 
ones remaining green, or entire berries may remain small and green. Spots on 
the flower stalks usually occur just before the blossom clusters begin to open ; 
these spots, though small, interfere with translocation and water-supply to the 
developing berries, causing them to remain small and dry, and in severe infections 
of the stalks, fruits may not set at all Affected parts of the berries frequently 
develop the fructifications of the fungus. 

There are two stages in the life-history of the fungus causing this disease. By far the 
more common is the conidial stage known as Gloeosporium venetum ; the perfect, ascigerous 
stage FAsinoe veneta (Plectascales) (once named Plectodiscella veneta) is only occasionally 
met with The conidia are developed from June to November within acervuli on 

leaf spots and cane lesions, and on the fruiting canes they may be found at all times of 
the year until the canes are dead. An acervulus may be subcuticular or may arise within, 
or below the epidermis. The conidiophores are short, unbrancbed, and bear unicellular, 
oblong to elliptic conidia, slightly constricted, 5 to 7 by 2*5 to 3 /x The ascocarps are 
developed in large numbers on the small superficial spots on the fruiting canes from 
February onwards ; these fructifications are not usually to be found on the sunken lesions 
of the first-year canes. They are not easily distinguished from acervuli but are slightly 
larger and more circular in shape They arise on stromata under the bark, at the edges 
of the spots. They are not individually distinct, like typical cleistocarps, but are more or 
less immersed within the erumpent stromatic tissue ; they are deep-brown to black, and 
the periphery of the stroma breaks up irregularly when the asci come to maturity about 
the end of March. Asci are globose, thick-walled, 24 to 30 /x wide, scattered irregularly 
and often separated from each other by stromatic tissue ; ascospores 5 to 8, arranged 
parallel within the ascus, hyaline and 4-celled, are 18 to 21 by 6*5 to 8 /x, slightly curved, 
with constrictions at the septa. When the outer layers of the stroma break down for 
release of the spores, the asci become exposed and elongate to about three times their 
length before the spores are discharged into the air. The expelled spores are furnished 
with a gelatinous sheath and germinate readily in water by budding to form conidia 
identical with those found in the acervuli Growth in culture from both conidia and 
ascospores is slow, and from ascospores on potato-destrose agar, wrinkled heaped masses 
of minute sprout-conidia are produced, the colour of the culture varying from light- 
russet-vinaceous to maroon ; when the culture is about a month old there is a sparse 
development of white downy mycelium ; conidia are seldom produced in culture but a 
sudden change so as to increase humidity induces their formation on small conidiophores 
covering the colony ; they are similar to those found normally on the canes The 
conidia germinate readily in water at an optimum temperature between 22° and 26® C. 
(not below n° or above 30° C.). Though some conidia merely become septated and 
others put forth germ-tubes with a small amount of branching, growth in general is by 
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budding from any of the cells, and there results a mere heaping up of the cells, the whole 
resembling a stroma, without fructification. 

Under natural conditions the fungus survives the winter in the spots on the 
canes and with the advent of spring revives during wet and warm periods to 
produce acervuli and ascocarps In the absence of the latter, infections probably 
occur through conidia, but whether from conidia or ascospores, infections of young 
shoots growing up around the old infected canes are preceded by the formation of 
a mass of sprout-conidia on the moist surface of the cane, thus repeating the 
behaviour of conidia and ascospores in culture. In this way good adhesion of the 
inoculum to the host is effected, and from the sprouting cells germ-tubes are 
produced which by branching and interweaving form a number of cushions from 
which infecting hyphae proceed to penetrate the cuticle. Penetration of the tender 
tips of the shoots is effected readily and continues throughout the season if wet 
weather prevails. As already indicated it is the earlier infections that are account- 
able for the deeper and more destructive lesions on the canes ; lesions occurring 
later when the canes are well grown are shallow and less harmful to the tissues 
below them. Infections in England usually start about May ; after July or August 
the attacks are merely superficial, but the amount of damage, gauged by the depth 
of the lesions, depends on the age of the canes at infection and the state of the 
weather at that time. In early infections penetrations are soon followed by collapse 
of small areas of epidermis and cortex, followed by hyperplasia of the subjacent 
phloem. Later, when parts of the cambium below the lesions are killed, the forma- 
tion of a small canker is inevitable. When the rest of the cambium proceeds in 
normal fashion to increase the girth of the stem the lesion becomes more and more 
sunken as the host tissues are raised around it, and with further growth of the 
stem in a tangential direction the host tissues are torn apart and a canker is formed 
which may sometimes extend by cracks in the stem, as deep down as the pith. 
There is thus considerable destruction of the cane tissues due to canker formation, 
entailing much interference with intake of water and translocation of food. If 
the next season following heavy cane-infection is dry, the crop matures badly 
because the vascular tissues of the host have meanwhile been more or less exposed 
to the drying action of wind, and to injury from frost penetrating the fissures and 
cankers, so that the berries fail owing to lack of water. Heavy losses are usually 
incurred under these circumstances, and although a wet season favours infection, 
the berries, even on diseased canes, mature much better when there is plenty of 
moisture, than in a season of drought following upon one of heavy infection of the 
canes In Britain, as stated, heavy attacks usually occur in late April and 
May and decrease if delayed until July, the most favourable conditions being the 
prevalence of warm weather with intermittent rain and sunshine 

Much can be done to check cane spot of raspberry by better cultivation 
To avoid excessive humidity no weeds, grass, etc. should be allowed to grow 
around the bushes, and when thinning the stools old canes showing spots and 
cankers should be destroyed. 

Spraying the bushes may be carried out in two stages : (i) when the cane buds 
are not more than ^ inch long, with Bordeaux mixture 12 : 12 : 100, or lime- 
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sulphur I in 15 ; and (2) at pre-blossom stage, when the flower buds are just 
showing white tips, with 6:6: 100 Bordeaux mixture, or i in 40 lime sulphur. 
In Minnesota spraying the young shoots when 6 to 8 inches high with 5 : 5 : 50 
Bordeaux mixture plus lb. of lead arsenate has given good results 
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Cane Blight of Raspberry, Leptosphaeria coniothyrium (Fuckel) Sacc. 

Cane blight of raspberries is well known in Britain and America 
One or more canes of a stool may be attacked and the fruiting canes may be 
destroyed before cropping, from the development of canker at the base. Early 
symptoms of the disease during the summer appear towards the base in the form 
of a few irregular greyish patches which later develop lighter- coloured spots 
bearing the black pycnidial fructifications of the causal fungus. As the fungus 
develops under the bark, the latter becomes more and more ruptured so that 
the tissues of the stem are often exposed as deep down as the pith, with the result 
that a considerable amount of wilting with withering of the leaves occurs. Such 
exposure of the tissues inevitably brings about desiccation and infected canes 
are brittle and easily broken. 

The fungus has a pycnidial stage {Coniothyrium fuckelii) and a perithecial stage 
{Leptosphaeria coniothyrium). The same fungus also causes stem canker of roses (p. 862). 

The pycnidia are 180 to 200 /x in diameter, and the pycnospores, 2-4 to 5*0 by 2*0 to 
3*5 p,, are exuded through the ostioles in gelatinous masses. The perithecia appear on 
the cankers usually towards the autumn, and discharge of ascospores takes place in the 
spring ; the asci contain 8 ascospores which are 4-ceIled, brownish, 10 to 15 by 3 to 4 /x. 

Other fungi besides L. coniothyrium y as wound parasites, appear to be contributory 
to cane blight ; the midge Thomasiniana theobaldi also seems to be implicated ** 

Infection takes place through wounds on the bark made possibly by insects 
or through abrasions caused by friction between the shoots, but mainly through 
pruning wounds. The activity of the fungus at the base of the canes produces 
cankers which, by injuring the bark and wood, interfere with the supply of water 
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to the top so that the shoots wilt and die. With the appearance of the fructifications 
on the canes, the spores formed are disseminated by spattering rain or by contact 
of one shoot against another, and thus new canes may become infected, but only 
through injuries. The fungus may live in a mycelial condition in the new canes 
as well as on old fruiting ones, and may survive in the cankers on old canes for at 
least four years after the canes are dead. From these sources, by the development 
of pycnospores and ascospores, abundant infection is secured in spring and 
summer 

The disease does little harm if there is plenty of rainfall during the ripening 
period ; the greatest losses are incurred if a wet spring is followed by drought, 
for under such conditions the cankers dry and there is insufficient intake of water 
to the fruit. Infection is reduced by controlling midge infestation 

As L, comothyrium attacks apple, roses, strawberry, and blackberry, raspberry 
canes should not be planted close to these hosts ; the wild red raspberry is also 
susceptible All diseased canes should be removed and burned. 
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Spur Blight of Raspberry, Didytnella applanata (Niessl) Sacc. 

This disease of raspberry is fairly common in Britain and was first described 
in 1875 by an Austrian botanist, on material collected at Shrewsbury ^^7), The 
blight is prevalent in Canada and the United States where it was first reported in 
1891 ; it occurs also in Germany, Holland, Denmark, Norway, Switzerland, and 
Tasmania 2, s, 6, 7. 8, 9, 10, u, 15, 16, 18) 

Spur blight is caused by an Ascomycete Didymella applanata pycnidia 

and perithecia are formed. Both the young vegetative canes and the fruiting canes 
are attacked, and while the disease contributes to a general weakness of the entire 
plant, the final effect is the destruction of some or all of the fruiting branches or 
spurs that grow towards the basal parts of the canes, so that only a few of the spurs 
at the top usually produce fruit 

Towards the end of June the lower half of young infected canes may be seen 
covered with brown or violet-brown, sometimes reddish, discoloured areas, chiefly 
at the nodes, and more or less encircling the canes at these points (Fig. 378). The 
bases of the adjacent leaf stalks may also be involved and similarly discoloured, 
and ultimately the leaves themselves develop a brown shrivelled appearance with 
a number of brown or black spots in the vicinity of the larger veins. As the result 
of infection and impaired vitality of the leaves, the young buds in their axils become 
shrunken and shrivelled, and if they are not killed outright many of them fail to 
survive the winter so that the provision of fruiting spurs for the following season 
is seriously curtailed ; infected buds which persist until the spring are so weakened 
that the spurs produced by them often fail to blossom. 

During the summer the discoloured areas extend so as to cover practically all 




Fig. 378.— Spur blight of raspberry {Didymella applanata). A, healthy cane of Cuthbert variety, 
in August. B, Cuthbert cane infected, dark lesions around the nodes. C, fruiting cane, latter 
part of May, showing infected node from which is growing a typical dwarfed spur from an 
infected bud ; note split cortex surrounding the node. D, natural infection on leaf of Herbert 
variety. B, perithecia on Herbert cane (photos by Koch, Phytopath.) 

the lower half of the young canes. At this time, if the season is wet, the dis- 
coloured parts of canes, leaves, and leaf stalks are covered with tiny brown specks, 
the^ pycnidial fructifications of the fungus. These bodies continue to discharge 
their pycnospores throughout the summer and so many fresh infections arise that 
the basal parts of the canes become almost completely covered with pycnidia. 
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With the approach of winter, the 
plants meanwhile having suffered 
considerable defoliation through 
disease, the infected canes turn a 
grey colour and are then not so 
easily distinguished from healthy 
canes which turn a similar colour 
towards the close of the year. 
Diseased canes, however, develop 
a slight silvery effect over the in- 
fected areas, and may also show a 
splitting of the bark, which is often 
so deep as to expose the inner 
tissues to frost and decay, and 
numerous canes may thus be lost 
during the winter. 

The symptoms on the fruiting 
spurs of the current year repeat 
much the same features as those on 
the canes. These short branches, 
as well as the flower stalks, may, 
however, be more or less girdled 
with disease and become lost. In- 
fection does not usually progress 
from the spur into the flowers and 
berries. But owing to a general 
weakness of the plant and lack of 
nutrition the fruit is small and 
shrivelled and the shrunken berries 
remain a dark, purple colour. 

The pycnidia (Fig. 379 c) on the 
host are slightly sunken below the 
surface, bluntly pear-shaped, ostiolate 



Fig. 379. — Didyniella appJanata. A, cross-section 
normal Herbert cane showing normal amount of 
cortical tissue. section of infected cane showing 
destruction of the cortical tissue ( x 400). C, longi- 
tudinal section of cane showing mycelium and a 
pycnidium beneath the epidermis. Z), a naturally 
infected bud showing the black perithecia of the 
fungus on the bud-scales ; the bud was apparently 
killed (after Koch, Phytopath.) 


but not prominently beaked, erumpent at maturity, and measure from 147 to 268 fx by 
105 to 231 ^ (mean, 208 by 187 /x) ; conidiophores are simple, producing hyaline to light 
green pycnospores which are mostly bi-guttulate, elliptical to oval in shape, and 
measuring from 5*0 to ii-2/x by 175 to 3*8 pu (average, 7-1 by 2*9 /x). 

The perithecia are developed towards the autumn, on the silvered parts and on the 


moribund tissues within the fissures of the split canes, and also on the surface of bud 
scales (Figs. 378, 3790). These fructifications appear as small black dots, hardly to 
be distinguished from pycnidia with which, at times, they may be found intermixed, 
but most of the pycnidia, by now, are defunct, though some may survive the winter, like 
the perithecia, to become active again in the spring The latter are not fully developed 
until about the end of May or early June, at which time the cycle of infection starts again 
when the perithecia are discharging their ascospores. The spores are ejected in great 
number and infect the young canes ; infection of new canes from old may also take place 
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by contact, possibly by the wet 
canes picking up the spores 

The perithecia are gregarious, 
sometimes in extended patches, 
obscurely papillate, sub-globose, or 
depressed ; sub-epidermal ; black, 
measuring from 165 to 220 fx in 
diameter ; the 8~spored asci are 
cylindrical and range from 60 to 
70 jLt by 10 to 12 jji ; the ascospores 
are biseriate, rarely uniseriate, ob- 
ovate to oblong, iiniseptate, con- 
stricted at the middle, the upper 
cell being larger than the lower, 
hyaline, and measure from 14*0 to 
20'2 fjL by 5*5 to 9*1 /x (average, 16*5 
by 5*6 /x) ; filiform paraphyses are 
extended above the asci (Fig. 
380). 


Infection of sound young 
canes occur under conditions of 
high humidity. The fact that 
both stem and buds without 
previous injury may become in- 
fected following the application 
of ascospores ^4) strongly 
suggests that a wound is not 
always necessary for invasion. It 
is maintained, however, that the 
fungus can only enter the canes 
through insect punctures or other slight injuries. 

When the fungus, in either of its sporing forms or in the form of mycelium, is 
applied to the surface of a young cane, a brownish-coloured lesion appears in about 
two weeks after inoculation (Fig. 379 b). Beneath the lesion practically all the cells 
of the cortex become filled with fungus ; the contents of the invaded cells as well 
as their walls turn brown and appear to be early killed by the mycelium. The 
fungus is confined almost entirely to the cortical parenchyma, and only when the 
stems are severely injured or split deep enough does infection penetrate into 
the vascular tissues of the stem. From the point of entry at the surface, the fungus 
travels up and down the cortex by direct penetration of one cell after another, 
depriving this tissue of its entire contents of starch. After killing a certain amount 
of cortical cells, the fungus proceeds first to the formation of pycnidia and later to 
perithecia, both being developed under the epidermis in these necrotic regions on 
the stem. 

In the spring diseased buds frequently show perithecia and sometimes pycnidia 
on the surface of the outer, protective scales (Fig. 379 d), and in some cases, if the 



Fig. 380 . — Didyniella applanata. A, the perithecium. By 
germinating ascospores showing anastomosis of two 
germ-tubes. C, ascus and paraphyses ( x 330) (after 
Koch, Phytopath.) 
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latter are removed, these bodies may also be found on the inner set of bud scales. 
These infected buds are always dwarfed and they appear to have become infected, 
externally, from the top, where the tips of the outer scales emerge slightly. Buds 
infected in the summer will show next spring the presence of the mycelium in the 
outer scales in which the tissues have become browned and disintegrated ; it 
appears probable that the infection of the buds under natural conditions takes 
place mainly from lodgement of spores at the tips of the buds, and not so much 
from basal infection from the node. The fungus never penetrates the axis of the 
bud, and only in exceptional cases when the buds are killed outright is the fungus 
present in their innermost leaves. As on the canes, the fungus is confined to the 
outer tissues of the buds ; nevertheless it appears to make considerable develop- 
ment while they are dormant, for they contain much more mycelium in the spring 
than in the autumn. While the fungus does not often kill the canes outright, 
during the winter a high percentage of potential fruiting spurs is lost by the 
destruction of buds in the dormant season. 

First signs of infection in the leaves are usually seen at the tip of a leaflet or at 
some point close to the midrib, as a small brown-coloured angular area, gradually 
growing longer, chiefly in a direction along the vein. Brown lesions may also 
occur independently at more than one place on the petiole and sometimes may 
girdle it entirely. Further infection of the bud in the leaf axil may take place 
from the diseased base of a leaf stalk. Within the diseased areas of lamina and 
petiole the fungus is again observed in the mesophyll, or in the cortical tissues 
respectively, but the vascular tissues are not usually occupied by mycelium. 

Spur blight is greatly encouraged by humid conditions, and especially during 
wet periods in the spring. It is liable to appear on raspberry canes planted too 
close together and it is advisable not to have more than three or four young canes 
to each stock. To check the attacks, the old fruiting canes should be removed as 
soon as possible after picking is over, and destroyed by burning. As a protective 
measure the canes should be sprayed with Bordeaux mixture 3:5: 40, with the 
addition of a soapy adhesive. The first application should be made in May when 
the canes are about 5 to 9 inches high, a second spraying being given after two 
weeks. In New York State, 2 per cent. ‘ fermate ' is also recommended, under 
similar conditions Care should be taken to remove all weeds around the 

canes, since they conserve moisture and thus help infection. When starting 
new plantations only stock certified free from disease should be planted 
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Verticillium Wilt of Raspberry, V erticillium dahliae Kleb. 

Blue stripe or Verticillium wilt disease of raspberry is caused by a fungus 
which attacks also a large number of herbaceous and woody plants, some closely 
related, others widely separated in classificatipn, c.g. apricot, plum, almond, 
cherry, quince, loganberry, strawberry, black currant, gooseberry, tomato, lupin, 
mint, chrysanthemum, elm, maple, and others 

The disease was lirst recorded in England in 1923, and it has since been found 
on all varieties of the cultivated raspberry in this country. It varies in its intensity 
from year to year, and even in seasons favourable to the disease, is rarely economic- 
ally serious Its occurrence in the United States was first recorded in 1904 
at Washington, and it is reported to be very damaging to raspberry canes in the 
eastern parts of the United States, and also in Canada. In America, wilt disease is 
fairly constantly reported to attack black raspberries to a much greater extent than 
the red or purple varieties 

Early signs of the disease usually appear on the new canes towards the end of 
June, on leaves situated towards the base of the plants (Fig. 381). Diseased leaves 
curl up at the margins, exposing the silvery under side, and the upper surface 
develops a characteristic, alternately yellow and green, or brown and green, striped 
effect, which extends diagonally from midrib to margin, the two colours being 
more or less separated by the prominent lateral veins. But the striped pattern is 
very often confined to one half of a leaflet, that is from midrib to margin, the other 
half being apparently normal ; in other cases the entire half of the compound 
leaf (a whole leaf consists of a terminal leaflet and two pairs of lateral leaflets), in- 
volving, therefore, half of the terminal leaflet and two entire laterals on the same 
side, may be affected with the coloured stripes, the corresponding laterals and half- 
terminal leaflet being green and healthy. Other leaves on the plant, from the base 
upwards, will show the same striped effect, and in the same order may gradually 
wither and die. As a result, there is considerable premature loss of foliage and the 
plant is often left with only a bunch of leaves at the top of the cane, and these may 
persist for a long time after all the others have perished. 

A characteristic feature of blue stripe wilt is the presence of the discoloration, 
as above stated, in a definite half of the plant organ attacked, that is, it is confined 
to just half of a leaflet, or a half of a whole leaf, and the same feature may be seen 
on the cane itself, or even throughout an entire plant. Thus all the leaves along 
one entire side of the plant may be striped, while the other side will show all the 
leaves normal. Often the most striking effect is on the cane itself, occurring at 
the same time or even earlier than the symptoms on the leaves. Starting, from 
ground-level usually, or sometimes several inches above ground, an intensely blue 
or purple stripe may be seen to extend to varying height, along one side of the 
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cane, forming a thin line which touches 
every node along that side where affected 
leaves are present, and running up also 
along varying lengths of the petioles. 
The bluish colour is not due to any pig- 
ment formed by the host or the fungus, 
but to the reflection of light from the 
waxy surface of the cane, along an area 
where the natural bloom is interrupted 
owing to the presence of the fungus in 
the woody tissues beneath. The blue 
discoloration may, however, sometimes 
extend, in parts, all around the stem, 
and when a good length of cane thus 
becomes encircled the leaves wither and 
the entire cane dies. 

With the approach of winter and 
much loss of leaves through disease, 
the buds on affected parts of the canes 
become small and shrivelled, and en- 
tire canes in a stool may perish during 
the winter. Infected canes which suc- 
ceed in producing leaves and fruiting 
spurs in the spring are much below 
the average size of healthy canes. Such 
affected canes produce small, dry, taste- 
less berries ; in other cases the new 
foliage may turn yellow, and the fruit- 
ing branches may perish before the 
fruit is mature 

Blue stripe disease of raspberry is 
caused by Verticillium dahliae (Hypho- 
mycetes) and although considerable 
discussion has centred around the relations 
of this organism with the species V, albo- 
atrum it appears to be accepted that 
the presence of sclerotial bodies (micro- 
sclerotia) in V. dahliae and their absence 
from V. alho-atrum justifies their recog- 
nition as distinct species (see Verticillium- 
wilt of tomato) (see p. 670). 



Fig 381 — Blue stripe wilt of raspberry {Verti- 
Lilhum dahliae). On a new cane of variety 
Lloyd George ; note the intervemal dis- 
coloration of the leaves, and their collapse, 
from the base, upwards (photo by Harris, 
J. Pomology) 


It is remarkable that the fungus 

produces neither mycelium nor reproductive bodies on the surface of the host, and is 
practically confined to a vegetative mycelial existence in the vascular system and pith of 
the plant. The only means of natural propagation, apart from mycelium, are the minute 
black microsclerotia, which may be seen during the winter, in large numbers, sunken 
into the bark of the affected canes. These small resting bodies are thick- walled and 
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knot-like in structure, and are formed by the repeated budding of a single hypha until 
a mass of cells is developed ; they are much more coherent and compact than the loosely 
woven groups of dark hyphae seen in V, alho-atrum. 

The fungus collected from diseased wood, or pith, or from microsclerotia, is easily 
cultivated on artificial media, and a hyaline, septated mycelium soon becomes covered 
over with erect conidiophores. The latter are tall, very symmetrically branched, and 
unlike those of V. alho-atrum do not turn brown at the base ; each consists of a vertical 
hypha bearing at intervals several whorls of branching hyphae which terminate, either in 
a single conidium or in a variable number of short, closely set sterigmata each bearing 
a conidium. The sterigmata are so close together that their conidial masses look like 
sporangia or spore clusters at the ends of the branches. These spore aggregates, in 
preference to single conidia, tend to be developed when the air is dry, but when moist 
conditions return, the spore masses appear like spherical drops of water, due to the 
absorption of moisture by the mucilage with which the spores are coated. The verticillate 
branches of a conidiophore may be as many as 7, commonly 3 or 5 in a whorl, and each 
of these again may bear secondary whorls or virtels ; the conidia measure from 4 to 1 1 by 
1*7 to 4*2 jLL Conidia have not been seen to develop on the canes in the field, and as 
far as is known have not been detected to play any part in spreading the disease. Cultures 
obtained from microsclerotia are identical with those obtained from diseased wood or 
pith, and after the development of conidia, the culture passes over to the formation of 
chlamydospores, and finally to microsclerotia again 

The fungus is capable of over-wintering in the soil on organic matter, and if 
decayed canes are allowed to remain in the ground, microsclerotia are developed 
in the bark and liberated intp the soil, where under favourable conditions they 
germinate to produce mycelium and so bring about fresh infections. The fungus 
is believed to thrive in the soil as a saprophyte on the remains of stems and roots ; 
it is also known to persist from one season to the next in soil from which wilted 
raspberry plants had been entirely removed, and it is recorded, too, that the 
mycelium can travel for short distances in the soil 

The host plant contracts the disease through the roots, and the fungus in the 
form of resting mycelium, or from mycelium produced by microsclerotia in the 
soil, is believed to gain entrance by penetrating the finer rootlets, or root hairs < 5 ) 
or at the points where lateral roots break through Opinions diflFer, however, 
as to the capability of the fungus to attack sound healthy roots except through 
wounds ^25). The fungus soon invades the cortical tissues and penetrates into the 
innermost tissues to occupy the xylem of the roots, crown, and stem. It is not 
known exactly to what extent the fungus permeates the tissues of the canes, spurs, 
and leaves, but as already stated, all the symptoms of the wilt are traceable to a 
clogging of the water-conducting tissues of the xylem, resulting in a wilting of 
the foliage and in the development of the characteristic striped effects in stems and 
leaves. In general, the presence of the fungus in the water-conducting elements 
of the stele, causes a brown discoloration in the xylem, but this feature is not always 
evident, and it may actually appear before the occupation of the xylem by the 
fungus. The protoxylem elements are easily entered through their thin cellulose 
walls, and vessels and tracheids through the pits in their walls, and in this way 
infection may travel up the stem, and apparently the fungus is sometimes to be 
found in the vascular strands of leaf petioles, and in the network of veins in the 
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leaves. The fact that the fungus seems to confine itself to the woody conducting 
system, growing principally in a longitudinal direction, no doubt explains the 
characteristic phenomenon of the one-sided development of the symptoms on 
stems and leaves As the fungus ascends in the stem, its growing tips are 
colourless, but the hyphae gradually darken behind as they get older, and the 
browning effect seen in the wood occupied by mycelium is partly due to the colour 
of the older mycelium, and partly to a staining effect produced on the lignified 
walls by the fungal secretions The histological effects of this fungus on the 
raspberry have not been investigated to the same extent as for other woody hosts 
attacked by it and in other hosts the brown discoloration in the wood is 
attributed largely to its occupation by wound gum impregnated with tannin. 

Wilting of the foliage, characteristic of this disease and of many other wilt 
diseases may either be due directly to a stoppage of the vascular channels by 
fungus mycelium, or merely to the infiltration into the conducting stream of a 
toxic secretion from the fungus in advance, acting detrimentally by reducing the 
efficiency of the cells controlling transpiration. The degree of wilting does not 
appear to depend on the amount of mycelium in the vessels, for in comparatively 
long stretches of affected stem there may often be but a few strands of mycelium, 
with little or no sign of the complete occlusion of vessels by plugs of mycelium. 
In relation to the appearance of the gummy substance above mentioned, this 
phenomenon is frequently accompanied by tyloses in some of the vessels, so that 
the formation of gum and tyloses in the wood must also be taken into consideration 
as factors retarding the flow of water into the leaves 

Warm weather, rather than cool periods, appears to be favourable to the 
incidence of wilt disease. Unfortunately a great deal of information relative to 
the influence of temperature in connection with Verticillium wilts is vitiated by 
confusion over the taxonomy of the species concerned, or to working with different 
strains of the organisms. V. dahliae is recorded to tolerate higher temperatures 
(up to 30° C, or more) than V. alho-atrum Little appears to be known about 
the effects of varying degrees of moisture in the soil upon infection in the raspberry ; 
in general, on the various hosts, it is stated that extremes of both high and low soil 
moistures tend to aggravate the disease 

Owing to the survival of the fungus in the soil, it is recommended that a method 
of rotation should be adopted which allows for at least four or five years to elapse 
before raspberries are restored to the same ground ; but the choice of rotation 
is not easy as the organism attacks such a wide range of cultivated plants, herbs, 
shrubs, and frees. Badly affected stools should be lifted and burned, and even 
young canes, or sucker plants, should not be taken from infected areas for planting 
in clean soil since the fungus can be carried in soil clinging to the roots. Sometimes 
the fungus may be present in the stem with no signs of the disease at all, and new 
plants should always be obtained from certified healthy stock 

There is apparently no type of raspberry immune from blue stripe disease, 
though in America the opinion is fairly general that red raspberries are more resist- 
ant than black varieties In that country the widely grown Revere is highly 
susceptible under all conditions, Alton Improved, slightly less so, while Columbian 
Purple, Victory, and Cuthbert are resistant to a fair degree ; the variety Syracuse 
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is highly resistant but not immune. In Britain there are no red varieties wholly 
resistant, although on some kinds the disease appears to have very little effect 
The varieties more seriously affected in this country include Bath’s Perfection, 
Red Antwerp B, and Prior's Prolific but Black Antwerp A is more resistant 
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Raspberry Mosaic 

Of recent years the raspberry-growing industry has suffered considerably 
owing to the degeneration of well-known varieties, due to virus infection. Though 
virus diseases of raspberries in America, and the genetical constitution of the 
varieties susceptible to them there, Rubus strigosus and R. occidentalis (red and black 
raspberry and ‘ purple ’ hybrids), are not identical with those attacking varieties 
of European red raspberry, R. idaeus, in Britain, these diseases are a limiting factor 
in the cultivation of this fruit both in Canada and the United States 3 , 4-6, 8 , 16, 
18, 19, 20, 21)^ and in certain areas in Britain they continue to be the most trouble- 
some and widespread of the maladies which affect this crop 

It is not possible to present a general picture of raspberry mosaic, but there 
are two more or less well-differentiated types which, in Britain, have been referred 
to as Mosaic i and Mosaic 2 . But the symptoms presented by either of these 
types show considerable variation, according to individual varieties, and to other 
factors discussed below (Fig. 382). Recent observations in England and Scotland 
indicate that the virus situation in raspberries is of greater complexity than 
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previously experienced . N o fewer than 
five distinct symptom types have been 
identified, some of which appear to 
originate from multiple viruses 

Mosaic I (Mosaic i Harris 1940) 

This is a better-defined type than 
Mosaic 2, and may be considered as a 
single disease of a uniformly mild type 
of infection. It is somewhat restricted 
in its varietal distribution, is slow in 
its deteriorating action, and its symp- 
toms are suspended or temporarily 
masked by hot, dry weather conditions. 

It causes a mottling of the leaves on 
all the canes of an infected stool. The 
chlorotic spots are somewhat ill- de- 
fined, tend to aggregate towards the 
leaf margins and between the main 
veins, so that they often give the leaf a 
slightly striped appearance. The spots 
are slightly sunken and accompanied 
by a down-curling of the lamina along 
the midrib, the leaflets thus becoming 
boat-shaped, the lower surface being concave ; sometimes there is a downward 
fold in the midrib or keel itself The pale spots vary in colour from pale 
green to greenish yellow, and in size from mere flecks to areas about 2 mm. in 
diameter, which are not sharply differentiated from the normal green of the leaf. 
A transverse section of an affected leaf passing through the chlorotic area shows 
the lamina to be thinner than in the normal parts, due to a shortening of the 
palisade cells. Mosaic i has been observed on the varieties Lloyd George, 
Baumforth’s Seedling B, St. Walfried, and Norfolk Giant. 



Fig 382 — Raspberry mosaic mixture of i and ^ 
on ‘ Lloyd ( jeorge ' , healthy leaflet, top corner 
(photo by Foister & Noble) 


Mosaic 2 (Mild Mosaic 2 Harris 1940 : Severe Mosaic 2 Harris 1940) 

This form of the disease is a ‘ complex ’ and appears to include two or more 
diseases differing in intensity from the foregoing mild mosaic. Yet this complex 
type expresses itself in what may again be separated into ‘ mild ' and ‘ severe * 
phases. A plant affected with the mild phase of Mosaic 2 does not apparently 
deteriorate and the symptoms may be so slight as to be hardly detectable. On 
the varieties Mitchell’s Seedling, Bath’s Perfection, and others, spots of irregular 
size and shape are evenly distributed over the entire leaf surface ; the individual 
spots are not appreciably sunken and the leaf is not curled or distorted, and except 
for the mottling, is almost normal. Mosaic 2 in its severe phase may perhaps arise 
as a result of further infection with other viruses, of plants already affected with 
the mild phase. With the added infection, deterioration is very rapid and the 
plants soon cease to crop and die out. The leaf spots are bright yellow to greenish 
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yellow, and are more strongly defined than those of Mosaic i ; they are either 
deeply sunken or raised above the general surface of the leaf, and again the 
lamina is thinner in the affected areas. The spots, moreover, appear translucent, 
are generally distributed over the leaf, and the individual spots may be seen often 
to cut across a vein or midrib. The leaves exhibit a curling of the lamina and 
finally become twisted and crumpled. Symptoms of Mosaic 2 are not masked 
by high temperatures as are those of Mosaic i. These reactions may be exempli- 
fied on the varieties Baumforth’s Seedling B and Norfolk Giant. But raspberry 
varieties differ greatly in their reaction towards Mosaic 2. Thus, the variety 
Lloyd George behaves as a symptomless carrier of Mosaic 2 but, when infected 
with Mosaics i and 2, symptoms appear and the vigour of the stools appears to 
be reduced. The variety Preussen was found to react to infection with Mosaic 2 
in the same way as Lloyd George, though it sometimes showed leaf symptoms 

In the American mosaic diseases, spread is said to take place through insect 
agency, Amphorophora ruhi being the most important vector in Washington 
In Britain, up to 1948, all attempts to transmit the disease by mechanical means 
have proved negative for the probable reason that any viruses present in 
expressed sap are immediately precipitated by released tannins They are, how- 
ever, graft-transmissible, and the vector A. mbiy as well as Aphis idaei have 
recently been found to act as vectors of raspberry viruses in Scotland. Another 
virus disease, ‘ leaf curl ’, affecting Baumforth’s Seedling B and Norfolk Giant 
(and * carried ’ by the variety Lloyd George) is, so far, confined to Scotland. It 
shows a yellow blotching of the foliage of new canes, the leaves later becoming 
tightly curled and brittle ; fruiting laterals next season die early and black lesions 
may show on stems and petioles 

It has already been noted that high summer temperatures affect the symptoms 
of some types of English raspberry mosaic. That susceptibility to mosaic may 
also be influenced by locality rather than infectibility was shown by observations 
of mosaic-diseased plants of the raspberry in the Hudson Valley. In this area, in 
the immediate neighbourhood of Amherst, the cultivation of the variety Cuthbert 
has largely been abandoned owing to the rapid spread of mosaic ; but some 1 5 
miles in a north-easterly direction from this area, up in a range of hills where the 
native woodland has been cleared and planted up with fruit, this variety is almost 
exclusively grown. Whilst the plants do not actually escape the disease they 
show no marked general deterioration in vigour, and so far continue to crop well. 
Such instances of induced low susceptibility is closely paralleled in Britain, with 
the relative resistance of the variety MitchelBs Seedling in Scotland, and the very 
high susceptibility of this same variety in East Mailing, Kent. This suggests that 
the degree of susceptibility of a variety is not absolute but is largely influenced 
by the conditions under which it is grown 

As the means of transmission of raspberry mosaic in Britain have not been 
fully elucidated, methods for its control must rest largely on the maintenance of 
healthy stocks. To this end nurseries should be established in comparative isola- 
tion from all other raspberry crops, at least 50 to 100 yards from infected sites 
Since there are varieties of raspberries endowed with a low symptom-expression, 
it is clear that control by roguing cannot always prove effective, and some method is 
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desirable whereby rapid testing of named seedling varieties can be carried out by 
the use of indicator plants. This procedure is now in vogue at the Research 
Station, East Mailing Where roguing can be resorted to, the plantation should 
be examined at least twice a year, and any infected stools, together with those on 
either side, should be dug up and burnt. All nursery canes should be cut down at 
planting to within 6 inches of the ground, and at the end of the first growing 
season the canes should be cut close down again ; if there has been vigorous growth, 
the canes should be dug out, leaving only sufficient root-stock for the following 
year. This practice should be observed every year, leaving no fruiting canes in 
the nursery 

Breeding experiments in Holland and America give promise of the pro- 
duction of varieties of raspberry resistant to mosaic in those areas. 
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American Gooseberry Mildew, Sphaerotheca mors-uvae (Schw.) Berk. 

American mildew is considered to be the most destructive of all diseases of 
the gooseberry ; white, red, and black currants are also susceptible, in lesser 
degree, to the same disease. It is caused by Sphaerotheca mors~uvae, a member 
of the Erysiphaceae, the powdery mildews. 

As the name implies, the mildew is of American origin, and is believed to have 
been carried to Europe first to south-west Russia in 1890, and again to Ireland in 
1900 in Europe it soon assumed epidemic proportions, and the first 

outbreak in England in 1906 seems to have travelled from the Continent 
The disease has been extensively studied in Britain It is of interest to note 

that this disease, in 1907, was included in the Destructive Insects and Pests 
Act of 1877, which imposes various restrictions on the importation of plants as 
a means for controlling plant pests in Great Britain. 




Fig 383 — American goobt berry mildew {Sphaerotheca mors-uvae). the white, conidial fructi- 
fications covering leaves, petioles, and upper part of stem the white, conidial stage on the 
berries C, end of shoot severely attacked and completely covered with brown cleistocarps 
D, the berries, all except the large one, covered with masses of cleistocarps (photos C, D, by 
Salmon, Wye Reports , B, by Wormald, Diseases of Fruits and Hops, Lockwood) 


In Britain the mildew is first seen in England in April and towards the end 
of May or early June in Scotland. The tips of the young shoots and the leaves 
on both sides become more or less covered with white mycelium which soon 
spreads over the growing shoots, causing a serious check in growth, and continues 
to spread over leaves and berries at all stages of their growth. The white effect 
is due to the prolific formation of conidia which continue to be developed through- 
out the growing season on twigs, leaves, and fruit (Fig. 383, A, b). The white 
superficial mycelium sends haustoria into the epidermis, and vertical conidio- 
phores arise in great number, producing long chains of hyaline conidia which 
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are easily dispersed by wind, and fresh infections often occur on an epidemic 
scale. Later in the summer the white effect gradually changes to brown, the 
discoloration being most marked on the twigs and berries, less on the leaves. 
The change is due to a darkening of the mycelium which now forms a thin, 
closely interwoven weft of hyphae which remains on the twigs and berries after 
the leaves are lost (Fig. 383 c, d). The brown weft of mycelium is easily scraped 
off and embedded in it are very numerous small black cleistocarps which serve 
to tide the fungus through the winter. The first appearance of the cleistocarps 
varies considerably according to the time of infection, and sometimes they 
mature sufficiently early to discharge their spores during the same season, but 
usually they are not formed until the autumn, remaining dormant on the leaf- 
less bushes until the spring. They can also tide the winter on cast-off twigs and 
on remains of dropped berries. 

The cleistocarps are sub-globose, 76 to 100 (jl in diameter; the single elliptic- 
oblong to suh-globose ascus, 70 to 92 by 50 to 62 fiy practically fills the interior ; the 
8-ellipsoid ascospores measure from 20 to 25 by 12 to 15 /x ^^2) • ^hc appendages are 
simple, contorted, pale-brown, but often rudimentary or absent (Fig. 384). The ripe 
cleistocarp when moistened swells and splits along the top to allow the apex of the ascus 
to emerge and dehisce and the spores are discharged into the air simultaneously 


Both conidia and ascospores are capable of causing infection. The latter, 
ejected from cleistocarps which have over- wintered mostly on cast-off twigs on the 
ground, first infect the lowermost leaves and twigs and widespread secondary 
infections occur from the dispersion of the conidia produced on these parts. 
Though the mildew is present only on the surface of the host, the presence of the 
fungus on the leaves seriously affects their functions, retarding photosynthesis 


considerably, and re- 
peated attacks from 
season to season have 
a weakening effect on 
the entire tree which 
yields less and less fruit 
every year. 

Different varieties 
of gooseberries vary in 
their degree of suscep- 
tibility to mildew and a 
variety which may be 
resistant in one locality 
may not always be re- 
sistant in other places. 
Thus the variety Multon 
which had shown 
marked resistance in the 



west of England gave mors-uvae. A cleistocarp slightly crushed 

® ^ r expose its single ascus ; note the simple appendages ; ascus 

a high percentage of with eight spores 
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diseased berries when grown in the north of Ireland, and the complete resistance 
previously shown by three American varieties also broke down there The 
most susceptible kinds are Keepsake, May Duke, Warrington, Lancashire Lad, 
Rushwick Seedling, Careless, and Whinham’s Industry ; the more resistant are 
Lancer, Crown Bob, and Whitesmith. 

To check American mildew, bushes should be planted in open ground, well 
spaced apart and correctly pruned to encourage open growth Pruning should 
not be deferred till late in the year for by that time the cleistocarps will have 
formed and will survive over the winter. All prunings from affected bushes should 
be collected and burnt. Heavy nitrogenous manures which encourage sappy 
growth in the twigs should be avoided and a balanced treatment with basic slag, 
potash, and phosphates should be given. A spraying programme is essential and 
the choice of fungicide is important. There are several varieties of gooseberries 
which are more or less sensitive to sulphur applications, and for these, sulphur 
dust and lime sulphur are not advised. The principal fungicides and methods 
of application are : 

(a) Lime sulphur : i per cent., applied before the flowers open, again after the fruit 
has set, and a third treatment given about 3 weeks later. This treatment is not 
advised for sulphur sensitive or amber-coloured kinds such as Early Sulphur, 
Golden Drop, Yellow Rough, and Leveller. 

(d) Ammonium polysulphide : i per cent, solution with the addition of soft soap as an 
adhesive (4 or 5 lb. per 100 gallons) ; applied as above, but not for amber bushes. 

(c) Washing soda, plus soap : Safe for all varieties ; made up with i to 2 lb. of soda 
with I lb. of soft soap to 10 gallons of water. This treatment is more effective if the 
bushes have already been sprayed in February with a 2 per cent, solution of caustic 
soda ^5). Applied soon after the flowers have set and again 3 weeks later. 

(c/) Sulphur dust : Lightly sprinkled or blown on to the bushes with a sulphurator, 
covering both sides of the leaves, starting early and repeating fortnightly if mildew 
is persistent ; applied at the rate of 20 lb. per too average-sized bushes 

(e) Burgundy mixture : 1-5 per cent., applied as a pre-blossom spray ; not generally 

acceptable as it is inclined to cause scorching, but it stands the action of the weather 
better than lime sulphur 7. s. g) 


European Gooseberry Mildew, Microsphaera grossulariae (Wallr.) Lev. 

This second type of gooseberry mildew which also occurs on the three kinds of 
currants, is caused by Microsphaera grossulariae, another member of the Erysi- 
phaceae. It often attacks bushes growing in the shade but is not nearly as serious 
a trouble as the American mildew. The fungus is thinly developed on the host, 
and unlike the weft of mycelium growing on both sides of the leaves affected with 
American mildew, this forms only a thin evanescent veil over the upper surface 
of the leaves, little, if any, occurring on the under side, and rarely any at all on the 
fruit, European mildew is, therefore, confined to the foliage and tends to bring 
about premature defoliation (Fig. 385). 

The conidia serve to bring about widespread secondary infections during the season. 
The cleistocarps afford a ready meansof distinguishing this disease from American mildew, 
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the most striking difference being the way 
in which the numerous appendages are 
branched at their tips in characteristic mop- 
like tufts, unlike those of S. mors-uvae which 
are simple filaments. The cleistocarps, at 
first yellow, later black, arise on the leaves, 
embedded in the thin mycelium ; they are 
globose-depressed, from 65 to 130 /x in 
diameter ; appendages, 5 to 22 in number, 
are branched at the tips four to five times 
in a dichotomous fashion to form short 
processes ; asci, 4 to 10 in number, broadly 
ovate or oblong, measure from 46 to 62 by 
28 to 38 /X ; ascospores, 4 to 6 in each ascus, 
measure from 20 to 28 by 12 to 16 /x 
The cleistocarps fall to the ground or remain 
on the fallen leaves and he dormant until 
the summer when the ascospores are ejected 
to start primary infections on the new 
growth. 

This mildew does little harm to goose- 
berry bushes growing in open situations 
and properly pruned to admit light and 
air. If more severe than usual the same 
measures should be applied as for the 
American mildew, preference being given 



Fig. 385 — European gooseberry mildew {Mi- 
crosphaera grossulartae) (photo by Foister 
& Noble) 


the washing-soda and soap treatment. 
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Cluster Cup Rust of Gooseberry, Puccinia pringsheimiana Kleb. 

Orange-red spots familiar in May and June on the leaves and petioles, and later 
on the twigs and fruit of gooseberry bushes, are caused by Puccinia pringsheimiana^ 
one of the rust fungi (Uredinales). Actually they are only one phase, that of the 
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Fig 386 —Rust of gooseberry {Pucanta pnngsheimiami) 1 , tht atcidial cluster cups on goose- 
berry leaves (photo by 1 oister & Nobk) B, transvcise section of leaf of gooseberry showing 
at upper surface, a spermagonium , at lower surface, on left, a portion of peridium , on right’ 
an aecidium in vertical section, as shown in C, enlarged ' 

aecidial stage, m the hfe-cycle of this heteroecious rust, the other stages producing 
uredospores and teleutospores on various species of sedges {Carex) 

The spots are somewhat raised, smooth and bhster-Iike, and often cause distor- 
tion of growth on leaves, petioles, and berries, and may sometimes be decurrent 
from an affected leaf, covering portions of the stem with a red crust often an inch 
long (Fig. 386 a). 1 he disease is usually of little economic importance, a mild 

attack consisting merely of a few spotted leaves and berries here and there on the 
bush, but in severe cases the fruit may be so spotted and disfigured as to render it 
quite unsaleable. 

These spots on various parts of the host become covered in early summer 
with the so-called cluster cups which consist of a close aggregation of aecidia. 
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On the leaves the aecidia open towards the lower surface, and after dehiscing, 
are filled with dry, yellow powdery masses of aecidiospores. On the berries 
the red spots are somewhat thicker than on the leaves, forming raised crusts or 
warts studded with aecidial cups. A section of the leaf (Fig. 386 b, c), passing 
through a spot, shows the presence of numerous spermagonia situated below 
the upper or lower epidermis, which discharge spermatia and copious ‘ nectar ’ 
to the surface. The numerous aecidia, embedded in the spongy mesophyll, 
break through the lower epidermis, each producing a long, white cylindrical 
peridium with a strongly recurved, torn margin. The aecidiospores are spherical, 
finely echinulate, yellow, 15 to 21 by 14 to 18 /x. They serve only for infection 
of the alternate, sedge host, in summer and early autumn 

Following upon infection of the alternate host by aecidiospores, yellow pustules of 
uredosori about J cm. long arise on the narrow, grass-like leaves of the sedge ; the 
uredospores are spherical, pale brown, echinulate, 18 to 22 by 17 to 21 ^ ; they serve only 
to spread infection amongst sedges during the summer, playing no direct part in carrying 
the rust to the gooseberry host. Later, during the autumn, on stems as well as leaves, 
infected sedges develop the more important sori of teleutospores because it is from these 
that infections will start on gooseberry bushes in the spring. It is important to note that 
while the aecidiospores are instrumental in restoring the rust to the sedge host on which 
the uredosori are the first to develop, the extent to which uredospores cause widespread 
infections among sedges indirectly affects the degree of infection on the gooseberry, 
because from these recurrent uredospore infections more and more teleutosori arise, for 
it is the same type of mycelium (binucleate) that gives rise to both uredo- and teleuto- 
spores. Teleutosori are brown or black, linear or punctiform, up to i mm. long, on 
leaves and stems. The teleutospores are oblong, club-shaped, 40 to 58 by 15 to 22 
These spores serve for the survival of the fungus on the sedges and persist over the 
winter on the remains of these plants. (There is definitely no evidence that the rust 
remains dormant within or on the gooseberry host during the winter 5)^^ In spring 
the teleutospores germinate in the usual way, producing their sporidia just at the time 
when gooseberry bushes normally break into leaf. The sporidia reach their highest peak 
of dispersal several days before the gooseberries commence to flower, and are practically 
spent some four or five weeks later <5). As already stated, the sporidia attack the goose- 
berry in late spring, and, as soon as the red spots are evident, spermagonia begin to be 
formed and are soon followed by aecidia. 

The life-cycle of the fungus is dependent on the existence of the disease on 
sedges, and if these could be completely eradicated, cluster-cup rust would com- 
pletely disappear from gooseberry bushes. This, however, is hardly a feasible 
proposition, as the infective sporidia can travel by air for long distances. Still, an 
appreciable reduction in the amount of rust on the gooseberry can be obtained by 
the cutting-down and removal of sedges from adjoining meadows or marshes. This 
was experimentally shown in a meadow in Northern Ireland, where no fewer than 
five different species of sedges were known to grow. A number of small gooseberry 
bushes in pots were placed in the meadow, and during the first year they remained 
perfectly clean because the meadow had been closely mown the previous year 
(1933), but in 1934, when left uncut, the sedge plants developed the rust, and in 
1935 practically every leaf and berry on the gooseberry bushes were affected with 
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rust ), The importance of sedges as the over- wintering host for the teleutospores 
was further shown by another experience when an epidemic of the rust occurred 
suddenly in an upland Highland village where it was previously unknown, but in 
which in one season all the gooseberry bushes in the cottage gardens were found to 
be heavily rusted. No sedges could be found growing in the vicinity, but the disease 
was finally traced to a byre recently thatched with infected sedges which had been 
collected from an infected area The rust has also been known to appear on 
bushes following the use of sedge mowings for mulching. 

No variety of gooseberry is known to be immune from this rust s ) j but 
considerable variation in the degree of susceptibility was found in no less than 
40 varieties in Esthonia ^4). 

Gooseberry bushes should not be grown in low damp situations which are 
favourable to the growth of sedges. If possible the latter should be grubbed up 
and destroyed ; they should not be used for mulching. Sedge lands adjoining or 
close to gooseberry plantations should be systematically mown down every summer 
and the cuttings removed. Ordinarily the rust is not sufficiently troublesome to 
demand treatment, but if it becomes recurrently severe a spraying programme 
should be carried out, using 2 per cent. Bordeaux mixture as soon as the gooseberry 
buds are well opened but before the leaves are fully expanded, and again, 2 to 3 
weeks previous to flowering, using a weaker i or 0*5 per cent, strength of the 
mixture Three applications of 2 per cent, lime sulphur, first, at green 

tip stage, again 10 days later, and finally just before blooming are also recom- 
mended 


1. Anon. : 1926. Scot. J. Agric. ix, 308. 

2. Anon. : 1934. Minis. Agric. Lft. 198. 

3. Grove, W. B. : 1913. The British Rust Fungi. 

4. Lepik, E. : 1931. Mitt. Phytopath. Versuch. Univ. Tartu {Esthonia)^ vii, 14 pp. 

5. Saunderson, W. K., and Cairns, H. : 1937. Ann. App. Biol, xxiv, 17. 

6. Suit, R. F., and Palmiter, D. H. : 1945. Bull. N.Y. St. Agric. Exp. Stn. 71 1, 22 pp. 


Die-back of Gooseberry, Botrytis finer ea Fr. 

A die-back of twigs and branches is common everywhere on gooseberries and 
is troublesome on all types of soils, especially where drainage is poor It 

usually occurs on individual or on small groups of bushes here and there in the 
plantation. 

The trees may be attacked at any stage of growth, even when in full flower or 
bearing fruit. The disease may affect the plants in many ways (Fig. 387), the most 
serious being the death of the tree branch by branch, and this phase may either 
begin at the periphery of a bush, causing a die-back of a few young shoots, or it 
may start low down on the main stem, the infection working its way up into the 
branches until the entire bush is killed <’>. An attack on the leaves and berries is 
another distinct phase of the same disease. The margins of the leaves turn yellow, 
then ashen grey or white, and if the discoloration extends throughout the entire 
lamina the leaves fall off prematurely, otherwise they remain for the normal period. 
Some twigs may thus be partially or completely denuded of leaves. Affected 
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Fig. 387. — Die-back of gooseberry (Botrytis cinerea). Ay branch showing pustules of Botrytis at 
X and elsewhere. By shoot with attacked leaves white at the edges. C, portion of stem just 
above ground-level showing pustules in cracks in the bark. D, the die-back of the stems. 
By berries covered with the conidial pustules (photos by Salmon, Wye Reports) 


berries become spotted brown, at first in small patches which later extend mostly 
along one side before they finally develop a soft rot whilst still attached to the tree 
or after dropping to the ground. 

On all these parts of affected bushes mycelium and fructifications of the common 
grey mould fungus Botrytis cinerea (see p. 659) causing this disease are developed 
in great profusion. A characteristic feature of the die-back phase is the splitting 
and peeling of the bark, and when this is extensive considerable exposure of the 
underlying tissues to the drying action of wind no doubt hastens the death of the 
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tree. During periods of warm, moist weather in the spring, cracks and fissures 
in the bark are seen to be filled with the characteristic smoky-grey mycelium, and 
upright, branched conidiophores bearing heads of conidia (Fig. 387 c) are developed 
in great numbers. The conidia are dispersed by wind and probably by insects 
which, by infesting the berries, no doubt assist in their infection When 
conidial production on stem and branches is waning, the mycelial cushions in the 
fissures proceed to the formation of sclerotia ; these bodies are irregularly shaped, 
hard and black, and may remain embedded in the bark over winter, either on the 
tree or on fallen branches on the ground. In the spring, the sclerotia give rise to 
mycelium which again forms abundant conidiophores and conidia for renewal of 
wind-borne infections when the trees burst into leaf again. 

First signs of die-back at the periphery of the bush may occur almost as soon 
as the trees are in leaf, when the leaves wilt, turn brown, and wither. In the case 
of young bushes especially, a considerable proportion of young shoots may be 
attacked, weakened, or killed, and on many of those killed back, the fungus can be 
found wintering in the dead buds and producing fresh crops of conidia in the 
following spring. Such infected dead shoots allowed to remain on the trees or 
left as prunings on the ground around the trees are a prolific source of infection 
to the bushes around 

When the main stem is attacked, the trouble appears to start at, or a little above, 
ground-level. The fungus in all probability enters here through open wounds 
in the bark and, according to the severity of the infection, partial or complete 
girdling of the stem takes place. The fungus penetrates into the tissues of the 
cortex and phloem and may travel upwards under the bark to the bases of the 
branches. Hence the presence of a few dead branches in a bush, or sometimes 
the death of half a bush is a characteristic feature of this type of die-back. Entire 
girdling of the main stem may, however, take several years, and meanwhile the 
bush is being killed branch by branch, but once girdling is complete the whole 
bush dies. The resting mycelium under the bark enables the fungus to over-winter 
in this position from one season to the next, and when it has accumulated in suffi- 
cient quantities the fungus breaks through the bark in preparation for sporulation. 
It is recorded that as early as February, according to the mildness of the season, 
tufts of conidiophores may appear in the fissures, and it is not improbable that, 
protected more or less within cracks in the bark, conidia may also sometimes 
survive through a mild winter 

As already mentioned, the same fungus attacks the leaves and berries indepen- 
dently of the stem and branches. Whilst it is only in some seasons and localities 
that the foliage suflFers to any great extent, loss of berries through the action of grey 
mould is usually heavy, even when the leaves are to all appearances sound and 
uninjured. The characteristic fructifications develop on leaves and berries 
(Fig. 387 e) usually in June or July, and these, especially the fallen rotted berries, 
serve for much dissemination of disease, probably through insect agency, during 
the season 

It is probable that gooseberry bushes (and other plants susceptible to grey 
mould) are.attacked by this fungus only through wounds or when they are weakened 
through some nutritional error or deficiency. It is well known that over-feeding 
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with nitrogenous fertilisers encourages sappy growth in young twigs, a condition 
which is probably highly conducive to the die-back of young shoots, mentioned 
above. It is also known for leaves of gooseberry bushes to develop a yellowness 
around the margin quite independently of any fungal or other infection, and this 
is believed to be due to mineral deficiency, probably of potash and lime, in the 
ground. 

Bushes showing die-back of shoots should be pruned well below the affected 
part, and such bushes may thereafter remain quite free from disease provided 
infection has not become established elsewhere lower down. Bushes badly wilted 
or showing numerous bare branches should be sacrificed, these symptoms indicating 
clearly the presence of deep-seated infection in the stem. All prunings and dead 
branches should be collected and burned \ 

If Botryfis pustules are still evident on the trimmed bushes during the winter, 
spraying with a solution of copper sulphate (4 lb. in 100 gallons) is advised, just 
before the buds open. Bordeaux mixture (4:4: 50) may also be applied after 
fruiting, but certain varieties of gooseberry trees appear to be injured by this 
treatment 


1. Anon. : 1934. Minis. Agric. Lft. 204. 

2. Blackman, V. H., and Jones, G. H. : 1923. Rpt. on Gooseberry Diseases in East Sussex, 

I 922-3. 

3. Brooks, F. and Bartlett, A. W. : 1910. Ann. Mycologici, viii, 167. 

4. Salmon, E. S. : 1909. J. S.~E. Agric. Coll. JVye, xviii, 319. 


Leaf Spot of Currant, Pseudopeziza ribis Kleb. 

Leaf spot, or anthracnose of currant is widely distributed, occurring in the 
United States and Canada, in Europe from Norway to Italy, Asia, Australia, and 
New Zealand The disease does not attack any plant outside 

the genus Ribes, of which about 25 species, including the wild and the commonly 
cultivated varieties of currants, red, white, and black, together with gooseberries, 
are susceptible. 

Currant bushes affected with leaf spot suffer considerably from under-nourish- 
ment brought about by the premature fall of the leaves. It occurs at a most critical 
time of the year, about early August, when the leaves are at their greatest capacity 
in the manufacture of food reserves for the following year. From experiments 
conducted at Long Ashton in 1928, the weight of buds alone, from bushes which 
had been specially guarded against infection, was 15 per cent, heavier than that of 
buds from unprotected infected trees In the United States a direct loss, as 
high as 75 per cent, of the fruit crop, followed upon infection, defoliation, and 
reduced vitality of the bushes, and what little fruit was formed was low in sugar 
content and of poor quality Experiments conducted in the Soviet Union 
showed that from 30 to 32*6 per cent, of carbohydrates and 28*5 to 33-4 per cent, 
of lipoids were lost from the reserves normally laid down in the storage tissues of 
healthy plants in the autumn, losses which accounted in a reduction of yield to less 
than half the weight of a normal crop, due to this disease 
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Leaf spot is essentially a disease of 
the mature foliage (Fig. 388), but may 
occur in lesser degree on any part except 
the wood Early symptoms consist 
of a number of dark-brown spots, irregu- 
larly scattered over the whole lamina 
and visible from either side of the leaf. 
The spots may either be sharply de- 
limited by the leaf veins, or surrounded 
by a light-yellow margin. They are 
about inch across, and may so in- 
crease in number, largely as a result of 
secondary infections, as to cover large 
patches of the leaves which turn brown 
and decay. Sometimes, soon after the 
first appearance of the spots, the entire 
lamina may turn more or less yellow, 
but there is still evident a narrow green 
zone around each brown spot, and in 
addition, in the outer yellow area, specks 
of red or purple may appear. Brown spots may also be seen on the leaf stalks and 
flower stalks, and the lesions may so girdle these parts as to produce canker, 
with consequent loss of leaves and flowers. Tiny specks of discoloration may 
also appear on the fruit. When the disease attacks the shoots, the lesions occur 
usually on the non-woody young parts, on which the spots consist of small super- 
ficial areas of a golden-brown colour K In the west of England, infection is first 
noted usually about the middle of June, and by the time the fruit is ripe spotting 
of the foliage is fairly general over all but the youngest leaves. By the end of 
August the bushes may be so denuded as to present a gaunt appearance, and by 
mid-September may be entirely bare of foliage 

Leaf spot of the currant is caused by Pseudopeziza rihis^ an Ascomycete of the group 
Discomycetes The conidial stage {Gloeosporium rihis) occurs on the living tissues, 
and the perfect apothecial stage completes its development on the fallen leaves on the 
ground or on those caught in the crotches of the branches of the tree or other bushes 
close to it. The conidia, which are developed in acervuli on the leaf spots, are released in 
such quantity as to form white, slimy masses often spreading as a film over the entire 
spot. Conidia are hyaline, curved or luneate, unicellular, uninucleate, 20*5 to 23 by 5*3 
to 5*9 smaller, microconidia, rod-shaped, with rounded ends, 8-9 by 2-3 /x, of 
unknown function, intermixed with functional conidia, or in separate acervuli, are to be 
found mostly towards the end of the season. The late appearance of the microconidia in 
the life-cycle, synchronising with the initiation of ascocarp development which takes 
place before the fall of the leaf, seems to indicate that they may function as fertilising 
agents, and it is probable that ascocarps remain abortive without their intervention 
The apothecia, on lamina and petiole are small, gelatinous, yellow, slightly erumpent ; 
the club-shaped asci are 8-spored, intermixed with paraphyses ; the ovate ascospores arc 
15*5 to 20*2 by 67 to 9*3 fjL 



Fig 388. — Leaf spot of currant 
{Pseudopeziza ribts) 
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Apothecia discharge their spores in early March and continue to shoot asco- 
spores until early May. On the over-wintered leaves conidia may frequently be 
found in addition to the functional ascocarps, and it is not improbable that over- 
wintered conidia in some localities prove, like the ascospores, to be capable of 
starting primary infections in the spring, but this observation appears to require 
confirmation 

Different races of the fungus attack red currant, black currant, and gooseberry, 
but the form to which the gooseberry is susceptible has apparently lost the capacity 
to produce apothecia, and seems to survive in the form of conidia which presumably 
must be able to tide through the winter The form which attacks red currants 
in England is furnished with spores slightly different in shape from that seen on 
black currant ; other forms of the fungus differ in their pathogenic powers 

When the conidia germinate, they early become one-septate and, grown on 
potato-dextrose agar, at 20° to 24° C., the resulting mycelium produces conidia 
again in great abundance, but the microconidia do not appear until much later, on 
old cultures, and only at reduced temperatures ranging from 8 to 16® C. ^ ; mature 
apothecia have not been observed in culture \ 

Primary infections occur when the trees are bursting into leaf and while the 
earliest infections of all, on the young leaves, may be of ascosporic origin, soon to 
produce acervuli containing conidia, the bulk of infections are probably secondary, 
arising from the dispersal of the newly formed conidia which would be ready about 
the time when the leaves are expanded and mature. 

Penetration by ascospores or conidia occurs at either leaf surface, mainly the 
under side and is direct through the cuticle into the epidermis. An infection, 
confined largely to the epidermal cell invaded, together with a few adjacent cells 
of the mesophy 11, develops an inter- and intracellular mycelium which soon destroys 
the occupied mesophyll, often from one epidermis to the other, and in place of the 
destroyed tissues the fungus collects in more or less dense masses. The conidial 
acervuli arise just below the epidermis. With the decline of the season and approach 
of leaf fall, the defunct acervuli collapse, and with the mycelium within the leaf 
becoming thicker- walled and closely matted together, the fungus is enabled to tide 
the winter on the fallen leaves. Leaf infections develop conidia readily during 
moist periods of 12 to 24 hours, over a range of temperature from 10” to 28'^ C. 
but not beyond 30° C., the optimum lying between 16° and 24°, and for ascosporic 
infections the range is from 12° to 20° C., the period of incubation being from 
8 to 9 days. There does not appear to be any consistent correlation between pH 
of the leaf sap, derived from young or old leaves, and facility of infection. 

The maintenance of currant bushes in good vigour by manurial treatment 
enables them to withstand infection better than untreated trees. The varieties 
Boskoop Giant and Seabrook’s Black are not as susceptible as the Baldwin, the 
liability of which is probably due chiefly to its inherent capacity for heavy cropping, 
which weakens the trees to such an extent as to result in lack of resistance to 
infection. The varieties Goliath, September Black, Edina, and Victoria are less 
susceptible. The red currant types, Fay‘s Prolific and Fertility, are very susceptible, 
while Earliest of Fourlands and La Constante are among the more resistant 
kinds ^7). 
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Spraying with Bordeaux mixture (3:4: 50) gives good protection against leaf 
spot. The first application is given just before the plants bloom, a second just 
after the fruit is set, a third some three weeks later, a final treatment being given 
after the fruit is picked. Lime sulphur, i in 40, is also recommended, the first 
application being made when the leaves are unfolding, and others at intervals of 10 
to 20 days, until 5 or 6 sprayings have been made, depending on the weather ; if the 
weather is dry over an appreciable period, fewer applications suffice s, 10-12, 13, 14, 15). 
Since the fructifications hibernate on the fallen leaves, the latter should be col- 
lected and burnt. 
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Reversion Disease of Currant 

This disease of the black currant appears to have been first noticed in Holland 
and Germany about 1904 and in England about 1912, on the variety Boskoop 
Giant, but is believed to have been existent here before that date Its true 
nature was not revealed until some years later and it is now known to be due to 
virus infection. The trouble is by no means easy to diagnose from other disorders 
of the currant mentioned below, but a peculiar abnormality in the venation of 
the leaves on certain branches of the tree is associated with it, and while the 
effects may also be seen in an irregular or deficient cropping, the final results are 
a degeneration, reduced fertility, or complete sterility of the bushes 

The clues to a ‘ reverted ’ condition are not usually evident in all parts of an 
affected bush. They must be looked for in the foliage developed from buds 
formed in the previous season, in the leaves situated towards the top of the shoot, 
or at the base of the previous year’s wood. No reliance can be placed on an ex- 
amination of other branches on the host, for perfectly healthy bushes may bear 
leaves of very irregular character which may quite easily lead to wrong conclusions. 

A normal healthy leaf of the black currant is simple and five-lobed, each lobe 
having a principal or main vein radiating into it from the top of the leaf stalk, and 
furnished with a toothed margin (Fig. 389). For the correct diagnosis of ‘ rever- 
sion ’, attention need only be focused on the character of the largest terminal lobe 
which is delimited from its adjacent lateral lobes by a dent or sinus. In this 
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A B 

Fig. 389. — ‘ Reversion ’ of currant. A, normal leaf has five or more main branch- veins passing? 
into the serrations of the terminal lobe. B, a * reverted * leaf shows m its terminal lobe usually 
less than five (photo by Amos & Hatton, J Pomology, by permission of East Mailing Res, 
Station). The small leaf shows severe reversion (photo by Foister & Noble) 

middle lobe of the normal leaf there are usually five lateral or sub-veins passing 
out on each side from the main vein or midrib into certain teeth at the margin. 
Just above the sinus, no sub-veins pass out into the serrated margin. Correct 
diagnosis of reversion will depend upon an examination of the number of sub- 
veins, and of the character of the serrated margin above the sinus, in the terminal 
lobe. Other diagnostic features are mentioned below, which relate to abnormalities 
in leaf texture, inflorescences, and flowers, but they are of subsidiary importance 
to those concerned with the venation and serration of the terminal leaf lobe. 

Referring again to Fig. 389, the sub-veins in the normal leaf on the left are 
numbered i to 5, and while there may be, in different varieties of currant, as many 
as seven or eight sub-veins (Baldwin, Boskoop Giant, and Goliath rarely have 
less than six), a reliable clue to a reverted condition is the presence of less than 
five sub-veins on either side of the midrib in the middle lobe of the leaf, with a 
coarser serration of the margin above the sinus than in the normal leaf, as on the 
right. In a more progressive stage of the disease, as shown by the smaller leaf, 
the diagnostic symptoms are much easier to detect, but such leaves are quite 
commonly found, and show clearly a reverted condition. Indeed, such abnormally 
shaped leaves, developing in appreciable number on reverted bushes, have 
accounted for such names as * nettle leaf ‘ tomato leaf or ‘ oak leaf * being 
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used to describe the condition, but they have fallen out of use. Neither is the 
acceptance of ‘ reversion ’ a happy one, for it is entirely misleading, and the con- 
dition bears no relation at all to a possible throw-back on the part of the host 
to a pristine condition in a simpler ancestral type of leaf. These abnormalities 
are traceable to a definite infection, with ample evidence that it leads to one of the 
most troublesome of all disorders which attack currant bushes in this and other 
countries. 

Other fairly constant features attendant on reversion may be mentioned. Re- 
verted leaves are generally smaller and relatively longer and narrower than normal 
leaves, have a flatter base, and a more coarsely rugose surface, below which the 
network of fine veins is not so elaborately and delicately patterned as in the smooth- 
surfaced normal leaves. Moreover, reverted foliage during the growing season is 
deeper green in colour than the healthy leaves. 

At flowering time, the character of the trusses and a closer examination of 
the floral parts will also furnish clues to the presence of the virus in the plants. The 
inflorescences on affected bushes tend to become longer, and the stalks of the 
individual flowers are also longer than usual. The flowers themselves become more 
tubular than the normal urn-shaped flowers ; the sepals are more pointed, hairy, 
and more highly coloured than normally, while the petals are much narrower ; 
the style lengthens so as to carry the stigma well out of the flower, so that pollina- 
tion and consequently fertilisation is interfered with or made impossible ; some- 
times the abnormalities extend to the pistil, so that a superior instead of an 
inferior ovary is developed. Such floral abnormalities may allow for only a partial 
setting of the fruit, most of which in any case is lost, or may lead to complete 
sterility. 

Currant bushes are liable to suffer from other affections the symptoms of 
which are not unlike those presented by ‘ reversion \ Thus a failure to set fruit, a 
condition frequently called ‘ running off * is often observed in healthy bushes in 
consequence of inefficient, or lack of, pollination, due perhaps to a scarcity of hive 
bees. Symptoms more closely resembling those due to reversion and known as ‘ false 
reversion ’ may be seen in the leaves which develop from dormant buds when 
shoots from the latter are induced to make precocious growth, on account of injury 
to the tips of the shoots. The leaves from such buds are often wanting in the correct 
number of sub-veins of healthy leaves. A similar condition may also be frequently 
detected on bushes which have been cut down to the ground, for the buds which 
then arise develop shoots on which the leaves show abnormalities ; it will be re- 
called, however, that reverted leaves are to be looked for at the top of affected 
bushes. Finally, another condition known as * nettlehead ’ is produced when a 
number of lateral buds, instead of forming inflorescences, give rise to leafy shoots, 
so that a heavy-topped, unusually bushy appearance is presented, and this again 
is believed to be due to accidental damage 

The virus causing this disease has been named Currant Reversion Virus (Lees 
1920 ; Anios & Hatton 1926 ; Amos et al 1928) ; Ribes Virus i (Smith) ; Aero- 
genous Ribis 4 (Holmes Hb ,) ; Black Currant Reversion Disease Virus. It is not sap- 
transmissible, nor can it be conveyed by the pruning knife, but can be transmitted 
by grafting The big bud ’ mite Eriophyes rtbis is, at least, one agent in its 
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transmission It is also possible that aphides may be additional vectors, but there 
is no transmission by seed. 

The virus produces no striking pathological effects in the wood of affected 
trees. There may, however, be a certain amount of reduction in the increments 
to the wood, which appears to be reflected in a corresponding increase in the 
amount of medullary-ray tissue, with a tendency to produce more gum in the 
reverted plants than in normal 

Reversion should not be difficult to eradicate. In addition to its identification 
from abnormal leaf characters described, if the plants are examined in June and 
July before the crop is picked, bushes showing decreased fertility should be grubbed 
out and destroyed, for it is not safe to take cuttings from any parts of them, however 
healthy they may look, since the virus permeates all parts of the bush. As the 
virus is not soil-borne no danger would be incurred if a sound bush is planted 
to replace one pulled up. Cuttings should be taken only from healthy plants, 
preferably not more than five years old. When new stock is purchased, satisfac- 
tion should be obtained that they have come from a source certified to be free 
from virus 

‘ Big bud ’ infestation should be controlled by spraying with lime sulphur of 
specific gravity 1*025, which is roughly a concentration of i gallon in 12 gallons 
of water ; or i in 25 gallons, for varieties of the Goliath group (Victoria, Edina, 
Monarch), the operation being performed towards the end of March, as soon as 
the flowers are seen, but before they open. 
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Downy Mildew of the Vine, Plasmopara viticola (Berk. & Curt.) 

Berl. & de Toni 

Downy mildew of the grape-vine is much more common and serious on the 
Continent, in North and South Africa, and America than in Britain, where it is 
more or less localised ^ 5 , 32, 40. it occurs also in Australia and New 

Zealand 18, 43, 54 ). 

The disease is caused by Plastnopora viticola^ a member of the Peronospora- 
ceae 7 , 23). There are two stages in the life-history of the organism, namely the 
spring-to-summer asexual or sporangial phase which is responsible for secondary 
infections throughout the growing season, and the over-wintering or resting stage 
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consisting of oospores which 
germinate in the spring and pro- 
bably account for the primary 
infections on the new growth. 

Downy mildew attacks all 
parts of the vine except the 
roots. The disease may strip 
entire plants of their leaves and 
tendrils, flowers may fail to set, 
fruit may be destroyed in the 
early stages of growth, or if it 
succeeds in passing the suscep- 
tible stage, the grapes are small 
and of poor quality owing to 
the impairment of leaf func- 
tions. Early symptoms of the 
disease may occur in some 
localities in February or March, 
but m most places first out- 
breaks occur in June. They 
consist of round light-green 

spots of an oily appearance on 

the upper side of the leaves, 
and on the corresponding under 
side tufts of white downy spor- 
angiophores soon appear, bearing the asexual spores or sporangia in great numbers 
(Fig. 390 a). Later the spots change colour, becoming yellow, or variegated 
with tints of yellow and reddish brown, and forming patches of irregular shape, 
especially between the larger veins of the leaf. At this time the leaves are in a 

moribund condition, and the fungus within enters upon the sexual phase, pro- 

ducing oogonia, antheridia, and finally oospores which survive the winter in the 
fallen leaves. On the stems the lesions are brown and sunken, and with the 
death of the affected parts portions of the vine become brittle and break off 
easily. Similar lesions may also occur on the stalks of the inflorescences, or on 
the stalks of individual flowers or berries, with the result that entire bunches 
or a few berries here and there fail to develop, and it is quite common to see 
healthy berries along with diseased ones in the same bunch. When the berries 
are infected during early growth they present the characteristic downy appear- 
ance similar to that of affected leaves, and soon shrivel up ; when, however, they 
are infected later, after attaining the size of a pea, or more (the fungus having 
entered through lesions in the stalks the berries assume a reddish-brown 
colour and, failing to ripen, develop a soft rot. The berries become more or less 
resistant to attack once they begin to develop their natural colour, but even then, 
if they arc growing on a vine whose foliage is diseased, the quality of the juice 
may be affected, owing presumably to the deleterious action of the fungus present 
in the leaves ^^4), 



Fig 390. — Downy mildew of grape \ me {Plastnopara viti- 
cola) A, the asexual fructification , oospore forma- 
tion on the left B, haustoria C, sporangium and 
formation of zoospores (after Millardet, Die iiatur. 
Pflanzen) 
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The whitish-grey fructifications of the mildew on the leaves or other parts consist 
of long, branched sporangiophores, 300 to 500 by 7 to 9 /x wide, which terminate in 
short sterigmata bearing oval-shaped spores (at first uni-, later multi-nucleate) 
measuring from 15 to 31 by ii to 18 /x. As many as 20, but usually only some 4 to 6 
sporangiophores pass out through a stoma from a mass of mycelium in the leaf. These 
fructifications arise also on parts of the flower, flower stalks, tips of young stems, as well 
as on young berries, but only when all these parts are still in possession of their stomata 

Later in the season, usually towards September, infected tissues, especially in the 
leaves, show ^he development of oogonia, antheridia and oospores ; oospores may also be 
found in the cortex of the stem, and in the stalks and flesh of rotted berries 
Little is known, however, about the development of the sexual organs and of fertilisation ; 
antheridia are frequently wanting, and oogonia with oospores have been found without 
antheridia, the resting spores having presumably been formed apogamously ; some 
report the formation of oospores to be a rare phenomenon (^7). The oospores are spherical 
and measure from 25 to 35 /x in diameter. 

In general, the sporangia are not adapted for long survival but serve to spread the 
disease throughout the summer. In certain localities, however, where the leaves may 
remain on the vines all the year round, infections by sporangia may be continuous 
from season to season On the other hand, the oospores are capable of survival 
in the soil for at least a year. Oospores which remain in the fallen leaves, vine 
debris, or shrivelled berries left to over-winter on the ground are probably re- 
sponsible for the primary infections which break out in the spring. Moreover the 
fungus may, in some localities, survive in the form of mycelium perennating in the 
winter buds, but its presence has not been established in all cases 24, 27, 36, 37). 

Primary infections from oospores germinating in the soil are probably relatively 
few in number, but sufficient, perhaps, to establish foci of infection. The oospores, 
after stimulation by frost, germinate over a wide range of temperature, from 
13° to 33° C., the optimum being about 25° C. Germination of the oospore is 
direct by a short gerrn-tube producing a single terminal sporangium which gives 
rise to a number of zoospores. Primary infections are believed to occur when the 
zoospores are conveyed by splashing rain-drops from the soil on to the lower- 
most leaves of the vine, or the sporangia themselves may be carried from the 
ground to the host. In any case the earliest symptoms of all usually occur on the 
leaves near the ground. The suckers that develop at the base of the plants are also 
very prone to take primary infections, and appear to be greatly instrumental in 
spreading the disease. The spores of Plasmopara^ whether produced, as above 
mentioned, from the germinating oospores or from mycelium on any part of the 
host, germinate almost exclusively in an indirect manner (Fig. 390 c), that is, they 
behave as sporangia, by giving rise to motile zoospores which are the actual in- 
fecting bodies. The zoospores are biciliate and pear-shaped, and measure from 
7*5 to 9 by 6 to 7 /x. After coming to rest and secreting a membrane, a zoospore 
puts forth a germ-tube which enters the host through a stoma ^ 3 ) or a water- 
pore in the leaf margin, and by the elaboration of an intercellular mycelium 
the spongy mesophyll soon becomes invaded ^3) and numerous globular 
haustoria enter the cells. The invasion of the palisade, from the spongy meso- 
phyll soon follows, and the presence of the fungus in the former tissue accounts 



SELECTED DISEASES 


PT. II 


836 


for the appearance of the oily spots on the surface of the leaf, the chloroplasts under- 
going fatty degeneration and the lipoids disappear during infection 

From the necessity of finding stomata for entry, the fungus can infect the 
berries only whilst they are still young, before their stomata change over to lenticels 
or become occluded through the development of waxy bloom. The older berries, 
apparently, become infected from within, from mycelium which travels into them 
from infected stalks, or, farther afield, from the leaves, by way of the axis of the 
inflorescence. Apart from stomatal entry when young, vine shoots and buds may 
become infected in the same way by migration of the fungus from the leaves, but 
little appears to be known about the origin of internal infections in the vine, though 
it has been established that the fungus can occupy even the tips of the growing 
shoots ^5) ; but there is no definite evidence that a mycelium perennating in the 
buds plays any substantial part in starting the disease in the spring. 

Various factors of the environment play an important part in the incidence of 
downy mildew of the vine. The period of incubation varies with the locality, 
the weather, the variety of host, the seasons, the water-content of the tissues 
and the part of the plant affected Conditions of heavy humidity are conducive 
to much disease and the trouble in some localities is worse in damp, low-lying 
than in elevated situations and yet in other places, where vineyards are estab- 
lished on dry, hilly slopes, the disease has been known to break out earlier and the 
vines to be more severely attacked than in the plains. The explanation appears 
to be that the slopes, in a position to receive the maximum of direct sunlight and 
the first to catch the warm rains of spring, offer favourable conditions for early 
outbreak of the disease ^ ^ \ and for this reason growers prefer to plant the vine- 
yards with a north-to-south aspect, with due regard to good spacing so as to ensure 
quick drying of the vines after rain The disease is considerably worse if, 
during the preceding winter, the weather has been continuously wet, and this 
despite the fact that during the primary infections conditions may be comparatively 
dry. It is a common observation in some of the French vineyards that if the 
winter has been dry, the vines show but little disease even if the growing season 
happens to be a wet one But heavy rainfall with high summer temperatures 
lead to widespread attacks of vine mildew In Tunis, in 1915 and 1926, there 
were no fewer than 1 1 and 9 waves of infection during these rainy years respectively, 
whereas in dry seasons, or those with infrequent rains, the amount of disease was 
negligible, and in this locality the onset of the dry sirocco winds does more to 
check the disease than any treatment devised for its control 

An atmospheric humidity of 70 to 85 per cent, on young, and 80 to 100 per 
cent, on older leaves provides the necessary conditions for primary infections 
While primary attacks thus appear to follow periods of prolonged wetness, it is 
not essential for the host to be continuously wet for the success of secondary 
infections, and the wind-borne spores may germinate on the host after showers, 
or mist, or dew, provided the parts remain moist for a few hours. Infections appear 
to make better progress during the hours of night than of day, the minimum 
temperature being 12° to 13'', the optimum 18° to 24°, and the maximum 30® C. ; 
low temperatures check the germination of the spores 36, 37, 38, 52)^ 

There is ho evidence that nitrogenous fertilisers are in any way conducive to 
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dow^ny mildew and an excess of phosphoric acid, potash, and lime tends to 

increase resistance in the host The application of calcium is said to reduce 
the amount of disease. Vines in general are said to be good calcium acceptors, 
possessing an ‘ internal resistance ’ which seems to depend on the amount of 
this substance present in the aerial organs, this in turn varying according to the 
availability of the mineral in the soil ; some varieties of vine, however, including 
the wild Vitis vinifera, absorb relatively little calcium and are very susceptible 
to the mildew 

The relative concentration of the cell sap is considered to be a factor in respect 
of resistance to, or immunity from, downy mildew. According to some, resistance 
in the plant-organ, whether leaf or berry, increases as the water-content falls 
below a certain percentage, but others state that cryoscopic tests failed to show any 
significant difference in the concentration of the cell sap of resistant and susceptible 
vines Acidity values of certain vines, more or less resistant, were found 

to vary from 4*3 to 10*3 per cent., whereas the more susceptible varieties had a 
range from 0*5 to 2-6 per cent, acidity Moreover, an important factor influ- 
encing relative resistance appears to be the value of the calcium-potassium ratio 
of the sap. Thus old leaves contain more calcium than potassium, while the 
reverse is the case in young leaves, which are more susceptible ; this ratio, again, is 
much smaller for berries than leaves, in which it becomes greater than unity 
about flowering time, increasing during the summer, and thereafter declining, the 
period of increase coinciding with a high degree of resistance, in the leaves, to 
infection. Finally, there is some evidence to the effect that internal resistance of 
vines to downy mildew is affected by the type of stock on which the vine is 
grafted 54)^ 

For the control of this disease emphasis is laid on the value of timely and early 
spraying, and of the thinning of the foliage during the growing season in order to 
gain better access for sprays and dusts and of the removal of the shoot 

tips in order to increase resistance in the remaining parts ^^7)^ It is interesting 
to note that the well-known fungicide, Bordeaux mixture, was first discovered 
and improved upon during experiments conducted in France for the control of 
this disease (p. 233). To avoid scorching, the mixture is employed slightly on the 
alkaline side the strength being 1-5 per cent., usually, or 2 per cent, in wet 

seasons (13-15, 46)^ the proportions being 6 : 4 : 40 or 8 : 6 : 40. The first applica- 
tion is made soon after the buds open, a second being given before the flowers 
open, and a third after the fall of the petals, a final application being given 14 days 
later Towards flowering time some growers discontinue the wet spraying 

and follow up with the dry powder, directed chiefly towards better covering of 
the fruit clusters, and when the foliage has attained full development dusting is 
reported to be more effective than spraying 

Certain methods of cultivation are helpful to ward off the disease. Vineyards 
should be sufficiently open to allow the foliage to dry quickly after rains, and in 
some localities it is the practice to build up the vines on trellis-work, this method 
not only ensuring free access of air but facilitating spraying as well, and young 
growth can be tied up so that the risk of infection from resting oospores in the 
soil is lessened. All green shoots or suckers that develop at the base of the stocks 
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should be removed, as they are very susceptible to primary infections 
Soil cultivation, manuring, and hoeing should be finished before the blossoms 
open, so as to leave the soil undisturbed during the spring, when the conditions 
are favourable to the germination of the resting spores ^^4, 51). 

A certain measure of success has been attained on the Continent in the breeding 
of resistant varieties from European vines, some of them showing somatic mutation 
in respect of resistance to downy mildew, and the results so far obtained are 
encouraging that immune varieties may soon be available soa)^ the mode 
of inheritance is little understood Even with so-called resistant vines, spraying 
with Bordeaux is advisable 
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Powdery Mildew of the Vine, Uncinula necator (Schw.) Burr 

This disease of grape-vine is much better known in Britain than downy mildew 
and anthracnose affecting this host. It is reported to have first appeared in this 
country in 1845 in Kent, and two years later in France, where it assumed such 
serious proportions that by 1851 there was hardly a vineyard throughout the whole 
country which was not affected with mildew and in a short time the trouble 
spread along the Mediterranean coast into Italy, Greece, Syria, Asia Minor, 
Algeria, and Hungary The mildew is also prevalent in India and Australia 
but only in the wetter areas, and is rarely found in the drier inland districts 4, 5)^ 
It is also common throughout America ; in California the ordinary vine Vitis 
vinifera is much more susceptible than V. lahrusca, V. riparia, and V. rupestris <2). 

Hothouse and outdoor vines are liable to be attacked by mildew at any stage 
of growth. The symptoms of powdery mildew can be distinguished from those of 
downy mildew {Plasmopara viticola) by the presence of white powdery patches 
of mycelium and floury conidia mainly on the shiny upper surface of the leaves, 
whereas the whitish areas of fungus 
and spores of downy mildew occur 
mostly on the under side, the whole 
presenting a glossy appearance, but 
powdery mildew produces a diffuse 
dusty film which gradually turns grey 
and finally a dark colour (Fig. 391). 

Stems, leaves, tendrils, flowers, and, in 
particular, young fruit bunches, are 
liable to be attacked (Fig. 392). 

If the blossoms are infected, no 
fruit is set, and early infection of the 
berries checks their development so 
that they drop off. When older berries 
are attacked they may still continue 
to develop, but growth is distorted 
and the skin becomes cracked. With 
further progress of the disease on the 
leaves, the white patches tend to spread 
and join together so that large parts 
of the lamina are covered with mildew 
and the leaf curls up towards its upper 
surface. As the shoots lengthen the 



Fig. 391. — Mildew of grape vine {Uncinula 
necator). The powdery appearance of the 
mildew on the leaf (photo, Adv. Lft. 207, by 
permission of Minis. Agric.) 
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young stems are attacked in 
the same way, and the patches 
here soon change from white 
to grey, and if the fungus is 
rubbed off, brown or black 
marks are left on the stem. 
Vines attacked when young 
fail to mature properly and 
may turn black all over (Fig. 
392 ). 

Mildew or powdery mildew 
of the vine is caused by Uncinula 
necator (a member of the Erysi- 
phaceae) which replaces the old 
name Oidium tuckeri given to it 
in 1847 

Like other fungi of the 
powdery mildews, the mycelium 
of U, necator is entirely on the 
surface of the part attacked, 
The mycelium is very slender, 
branched, and septated, forming a delicate white web which darkens as soon as the 
production of conidia is over. The conidia are developed in great abundance on leaves 
and berries, on which they form a dense fluffy or powdery film. They are developed from 
erect conidiophores, 3 or 4 in series on each stalk ; they are oval in shape and measure 
from 25 to 30 by 15 to 17ft. The conidia are capable of resisting dry conditions, for 
how long is not clearly knowm, but in some districts it is thought that they are capable of 
survival over the winter 

Cleistocarps are usually developed in late autumn and winter but in some localities may 
appear as early as June They may be found embedded in the epiphytic mycelium on 
the leaves, or on shoots, chiefly at the nodes, or on buds among the scales and hairs. They 
are black when ripe, almost spherical, flattened at the top, from 75 to 105 /u- in diameter, 
and furnished with 8 to 25 septated appendages, coiled at the free end. Each cleistocarp 
contains from 2 to 8 ovoid asci, 48 to 60 by 37 to 45 /x and each holds usually 6 oval 
ascospores 20 by 13/x, Other cleistocarpic dimensions given are: 70 to 128 /a in 

diameter, mean, 98 /x ; appendages, 7 to 32 in number, light or dark amber-brown in the 
lower half ; asci, 4 to 6, rarely 6 to 9, from 50 to 60 by 30 to 40 fx ; ascospores, 4 to 7 per 
ascus, measuring from 18 to 25 by 10 to i2/x<*®>. 

In localities where they have been found, cleistocarps are believed to carry 
the fungus over from year to year, but they are not common. They have not 
been found in Britain and other countries, including Australia, but have been 
reported from America, France, Germany, and at Anapa in North Caucasia 
Even in the same localities cleistocarps are formed only in some years, and may 
be looked for in vain in other years. Apparently environmental factors are partly 
responsible for their appearance. In some years their development is associated 
with soil dryness and prevalence of an unusually warm, rainless summer. It is 
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Fig. 392. — Mildew of grape vine {Uncmula necator). The 
disease on the stems, nodes, and berries of variety Wal- 
tham Cross (photos by du Plessis) 


except for haustoria which penetrate the epidermis. 
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recorded that in the interior valleys of California cleistocarps are never found, 
or rare, whereas they occur plentifully on vines subject to the influence of summer 
ocean fogs. Under these weather conditions if, after an abundant growth of my- 
celium has been produced, the temperature drops suddenly to the lowest limit 
for fungal growth (50^ F.), the cleistocarps are developed in great numbers 
There is evidence that earliness of attack followed by severe infection is also 
conducive to development of these fructifications, whereas their number is greatly 
reduced in late and lighter attacks 

Cleistocarps remain on the vines and leaves or on host debris on the ground 
until spring, and the spores are said to be capable of germination 18 months after 
formation and of infecting leaves and shoots in the same manner as the conidia 
In the absence of cleistocarps it is believed that primary infections in the spring 
are traceable to mycelium which has passed the winter in the buds or to 
conidia which have survived the winter 

A moisture-laden atmosphere is more favourable than a wetted surface to the 
germination of the conidia on the host. The fungus thrives vigorously on vines 
in sheltered, shady positions such as walls or trellis and in the humid atmosphere 
of the greenhouse, but makes little growth in ventilated houses or in the open 
vineyard. The fungus can grow over a wide range of temperature and humidity. 
Below 50"" F. (lo"" C.) growth is arrested ; above 75° F. (24'' C.) growth is rapid 
and reaches a maximum at about 90"^ F. (32'' C.) or 95*^ F. (35° C.), but is not 
killed at 42° to 43° C. 6. 12, u). 

Sultry, warm conditions with dull, cloudy weather are favourable to attacks 
of vine mildew ; bright, crisp sunny days retard it Different varieties of 

vines vary considerably in their reaction to mildew, but all of them are liable to 
injury if weather conditions favour growth of the fungus 

After due attention has been given to cultivation of the vines, such as pruning 
after shedding of the leaves, thinning, out and cutting back of laterals, together 
with removal and destruction of all diseased material, some growers adopt a 
dormant treatment of washing the vines with an acid solution of iron sulphate, or 
of coating the stems with a paste of sublimed sulphur and soft soap, the object 
being to check the formation of mildew when warmer weather comes, the higher 
temperature causing the finely divided sulphur to fume or vaporise, so that growth 
of the fungus is checked. The same principle underlies the painting of hot-water 
pipes in the greenhouse, with a mixture of skimmed milk and sulphur. But the 
universal treatment against vine mildew is sulphur dusting. Sulphurating, 
preferably with a bellows or vaporiser, must commence at the earliest possible 
signs of mildew and should be carried out in the early morning while the leaves 
are moist, but not in very hot weather, which may cause scalding ; and if, from 
experience, the time of flowering under glass is known, the first sulphur treatment 
should be given 10 days before this event and continued at weekly intervals until 
the flowers open, then withheld until the fruit has set, a final dusting being given 
when the berries are about as big as peas *3. 14, 15), 
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Anthracnose of Vine, Elsinoe ampelina Shear 

This disease, though uncommon in Britain, is one of the oldest of vine diseases 
in Europe. In South Africa it causes severe losses every year in the wetter districts, 
especially on sultana varieties It is serious in practically all vineyards on 

the Continent as well as in the eastern parts of the United States, and is also one 
of the most destructive of all fruit diseases in West Australia, especially in the coastal 
plains and foothills, the newer grape-growing areas away from the coast being 
almost free from it 

Anthracnose of the vine, so called from the black carbonaceous appearance 
charbon ’ or ‘ brenner ’) of the lesions on the stem 10)^ jg believed to have 
originated in Europe ^^3)^ and to have spread thence, probably from France or 
Italy, into America and Australia ; the earliest report of its occurrence in the 
United States in 1885 appears to have been made in Illinois ^ 3 ). 

All parts of the vine may be affected, including the berries, leaves, stems, and 
tendrils (Fig. 393). Small, more or less circular, greyish-black spots surrounded 
by a yellow border appear on the leaves and remain small if crowded together ; 
isolated spots enlarge and become light grey at the centre, the outer edge turning 
dark brown or purple. The central part of the spot becomes sunken, and if it 
dries may drop out, leaving a shot-hole. On very susceptible varieties, however, 
during prolonged wet weather, even in winter, the larger spots continue to develop 
and present a woolly appearance from the presence of spores on the surface. 
Spots on the leaf veins and on the stem are small and elongated, and, if numerous 
on the veins, may join up so that the lamina becomes curled and torn, and long 
portions of the veins turn yellow. 

Young shoots up to about two inches long are even more susceptible than the 
leaves. On the shoots the spots remain small, irregular, and almost black, and 
from the numerous lesions that may arise an entire shoot may be killed within a 
short period, meantime becoming black, dry, and hard. On older shoots the 
spots enlarge and develop a light centre with a brown margin, the central part 
later becoming cracked and sunken so that a canker is formed. Sometimes a 
stem canker penetrates into the stem so as to destroy the tissues as far down as 
the cambium. Within such lesions the mycelium of the causal fungus, though 
sparsely developed, remains dormant over winter and under favourable conditions 
in the spring revives to form spores which start the disease afresh. Stem cankers 




Fig. 393 • — ^Anthracnose of grape vine {Elsinoe ampelina). the spots on leaves of variety Red 
Hanefoot. B, young anthracnose spots on bunches of French grape variety ; a, on the berry ; 
h, on the stalk. C, jD, F, the canker stage on stems of sultana. F, cross-section shoot of sultana 
showing the conidial fructification ; on right, details of the conidiophores and conidia (photos 
and drawings by du Plessis) 
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are sometimes found to cover considerable lengths of the vine, and if the woody 
tissues are seriously affected both shoots and stocks are rendered worthless. 

Lesions also occur on the stalks of the inflorescences, and if girdling takes place 
entire bunches of fruit may be lost. Similarly, if girdling lesions occur on indi- 
vidual flower stalks, berries may drop at any stage of development. Spots on the 
berries are round, dull, and sunken, and later develop a light centre surrounded by 
a dark-brown border If attacked when small, the berries dry out and fall off, 
or may remain attached in the bunch for a long time, meanwhile becoming dry 
and mummified ; later attacks cause the berries to crack and become deformed 
When ripe grapes are attacked the spots develop into hard crusts, a condition which 
renders them, especially those of white varieties, unfit for table or raisin purposes 

Anthracnose of vines is caused by an Ascomycete, Elsinoe ampelina, better known 
under the name of the more common conidial form, Sphaceloma ampelinum de Bary 
previously known as Gloeosporium ampelophagum (Pass.) Sacc. The ascigerous stage has 
been found in the spring on cankered stems that had wintered out of doors but has 
not yet been seen in Britain. Ascocarps embedded in old cankers are ill-defined, pseudo- 
parenchymatous, with hyaline asci containing colourless triseptate ascospores which 
measure from 15 to 16 by 4 to 4-5 fi. The conidial stage occurs on spots on the leaves 
and berries as well as on cankers. The conidia are formed within sub-epidermal acer- 
vuli ; they are oblong-ellipsoid, bi-guttulate, hyaline, slightly constricted at the middle, 
5 to 6 by 2*5 to 3*5 fx. Cyst-like bodies of variable size and colour have also been found, 
but their function is not known 


As above stated, the fungus is believed to survive the winter in lesions on the 
stems, and in which it revives again in the spring. The chief source of infection 
in new areas is the planting of cuttings harbouring the resting mycelium 
Nothing appears to be definitely known about the spread of the disease from year 
to year by possible survival of the fungus in over-wintered leaves or berries, 
neither have the ascospores been observed to function in the dissemination of the 
disease. 

Anthracnose attacks the vine when the leaves are young, and the foliage increases 
in resistance with age. Infections commence shortly after the buds come into 
leaf, and such primary attacks appear to result from spores which developed in 
cankers formed during the previous season. The spores are exuded from these 
lesions in gummy masses and during rainy weather are splashed or blown on to 
the tender green growth. Secondary spread during the season presumably takes 
place in the same way from the acervuli on leaf spots, young shoots, tendrils, and 
fruits. 

Anthracnose of vine is greatly encouraged during warm wet weather, and there 
is usually little evidence of the disease in a dry season ; low-lying, badly drained 
plantations often suffer severely 7 , 9). 

Varieties of grapes differ considerably in susceptibility to anthracnose. Sul- 
tanas, Malagas, Almerias, Muscats, and Grenachi are all susceptible as are also 
Alicante strains and French and American varieties with thick leaves The 
varieties Gros Colman, Raisin Blanc, Barlinka, and Cabarnet are more or less 
resistant in Cape Province, South Africa 

For control of the disease the vines should be carefully looked over at the end 
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of the season and all infected shoots cut out and destroyed. All mummified 
fruit clusters and decayed leaves should be collected and burned, and the ground 
dug over or ploughed in the spring Since the trouble is carried to new planta- 
tions chiefly by cuttings, the latter should be immersed in a 25 to 30 per cent, 
solution of sulphate of iron before planting In South Africa, spraying the vines 
towards the end of winter with 4 per cent, sulphuric acid, or i in 8 lime sulphur, 
or with a solution of copper sulphate of i lb. in 2 gallons of water, is recom- 
mended ; if winter spraying is omitted, early spring treatment, though not so 
efficacious, may be given by applying the same copper sulphate spray to the leaves, 
and dusting them during the summer with sulphur Many vine growers 
adopt a method of ‘ swabbing ’ just before the buds swell, using a mixture of 
iron sulphate and sulphuric acid in the proportion of 5 lb. of sulphate and I pint 
commercial sulphuric acid in every gallon of water At the time when 

buds are bursting it is further recommended to spray with Bordeaux mixture, 
6 : 6 : 40, or Burgundy mixture, 6 : 9 : 40, followed by a second application just 
before blossoming, a final treatment being given after the fruit has set 
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DISEASES OF ORNAMENTAL AND MISCELLANEOUS 

PLANTS 


Rust of Antirrhinum, Puccinia antirrhini Diet. & Holw. 

This serious rust disease of the snapdragon {Antirrhinum) was first discovered 
in 1895, in California and Oregon and has been prevalent in the United 

States, Canada, and Bermuda, for many years 10. 19. 26)^ Outside these areas 

it was practically unknown until 1933 but soon spread at an amazing speed. In 
England, where the disease has been extensively studied 13-18)^ it appeared in 
the Thames estuary on 2nd July of that year, and before the end of the season 
had travelled into thirteen counties and was, at the same time, reported in Jersey 
and north-west France. By 1934 it was present in twenty-eight counties in England 
and in 1935 was reported in Scotland and Ireland, and meanwhile fresh records 
came from Holland, Denmark, Germany, Czecho-Slovakia, Italy, and Austria 
b, 23, 25)^ In it was reported in Egypt, and in 1939 in the eastern Cape Province 
of South Africa n). Since the host. Antirrhinum majus^ is a native of the Mediter- 
ranean region where the rust was hitherto unknown, it seems fairly clear that the 
rust must have been indigenous on some Californian species of the plant and, 
having been introduced in some unknown way into the new areas, found in the 
cultivated species an unusually congenial host There is no evidence that the 
disease was carried by infected or contaminated seed and the probability 

is that dissemination took place by the widespread distribution of infected propa- 
gants in the form of cuttings, and that these, in turn, acted as foci for further 
spread of the rust through spore dispersal. 

The rust (Puccinia antirrhini) attacks the host at all stages of growth, seedlings, 
cuttings, and mature plants about to flower being subject to it (Fig. 394). Seedlings 
may be attacked in the boxes and swept off with disease, and even slight attacks 
on grown plants so mar their appearance and reduce their vitality that shoots and 
flower spikes are much below normal size, and in severe attacks entire plants are 
killed. The parasite attacks the plants under glass and in the open and is most 
severe on cuttings and plants just before the flowers are due to open. Leaves, 
branches, stems, sepals, and occasionally seed capsules may be so badly affected 
that they are literally peppered all over with the brown spores of the fungus. 

Early symptoms of the rust occur on the under side of the leaves, as small 
light-coloured spots which show right through to the upper surface. The spots 
soon produce brown pustules in great profusion, first on the lower side, and then 
on the corresponding upper side of the leaves. On the stems, the pustules are 
somewhat elongated and may sometimes so girdle the stem that entire branches 

S46 
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Fig 394 — Antirrhinum rust {Pucctma antirrhim) on the leaves and flowering shoot (photo by 
Smith) on the seedlings (photo by Green, J Roy Hort Soc ) 


are lost. These pustules contain uredospores and, later on, dark teleutospores 
follow in the same places, on all parts, even on sepals and seed capsules. 

The uredospores may be found on affected glasshouse plants at all times, and on plants 
out in the open frequently to the end of October and are more plentiful, in some localities, 
than the teleutospores, even after periods of frost. But though the uredospores may ser\x 
to carry the fungus from one season to the next under glass, survival over winter in the 
form of uredospores in the open, at least in Britain, probably occurs only in the warmer, 
southern counties. The uredospores arise in somewhat round sori, and are spherical or 
slightly oval, measuring from 19 to 30 by 15 to 22 /x (average, 22 by 19 /x) ; they are 

yellowish-brown, with an echinulate wall ; are not viable for more than about 6 weeks, 
and are not adapted for carrying the disease over long periods. 

The teleutospores are dark brown to almost black, two-celled, and measure from 
33 to 52 by 17 to 24 /X ; they are found either mixed with uredospores or in separate sori. 
They have been observed to germinate but will not infect antirrhinums or any 

other plant and, so far as known, this rust has no alternate host on which an aecidial 
stage could develop. The fungus is known to possess at least two physiologic races and 
various strains 

In the greenhouse and in the open the disease spreads, therefore, under 
favourable conditions by means of uredospores In Britain, in the colder 
areas, it seems certain that the rust is carried over the winter on old infected 
plants on which uredospores are produced in the spring Though it has been 
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suggested that the disease may have been introduced into South Africa with 
infected seed careful experiments conducted in England with seeds infected 
with the spores failed to give any indication of disease on seedlings grown in 
sterilised soil 

Uredospore infection from leaf to leaf externally takes place on an extensive 
scale and sporulation is so prolific that mere contact with the plants when cutting 
the flowers is sufficient to disperse the spores on a wide scale These spores 
germinate best at about 10° C., showing but slight growth at extremes of o'" and 
30° C. 22) TJie germ-tubes produce appressoria before entering the stomata, 
and the developing mycelium, colourless and septated, passes in between the 
host cells, into which it sends small knob-like haustoria^^^^ The period of incubation 
varies from 8 to 14 days 

In some parts of the United States plants which were deemed to be resistant 
to this rust were found later to have become highly susceptible owing, it is believed, 
to the appearance of another strain of the parasite, but this second race of the fungus 
has so far not been found in Britain In this country, the varieties Wisley 
No. 3 (magenta-coloured), an American stock named Orange Pink, and another. 
Terra-cotta Pink, together with the varieties Yellow Sport and Brightness, have 
proved resistant In Denmark, the majority of yellow and white varieties are 
found to be fairly resistant, while pink, red, and the variegated classes prove to 
be more susceptible In Germany, however, yellow varieties are very heavily 
attacked 

The experience of early autumn planting in California showed that the plants 
were able to escape infection so that they reached maturity before the rust became 
active in the spring Protecting the plants by spraying with Bordeaux or 

Burgundy mixture, or by applying sulphur dust, appears to be of doubtful value, 
some reporting better results than others In general, copper-containing 

sprays have proved to be more effective than sulphur, and Bordeaux mixture with 
the addition of a spreader has, in some areas, given satisfactory results In 

other places. Burgundy mixture (4:5: 50) has given better control, and has the 
added advantage that it does not discolour the foliage as Bordeaux mixture is apt 
to do ; in Britain, applications are advised on the following approximate dates : 
ist to 2nd July ; a second treatment on 15th to i6th July ; a third, 29th to 30th 
July ; a fourth, 12th to 13th August ; and others at fortnightly intervals, a final 
spraying being given on yth to 8th October 
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Shot-hole of Antirrhinum, Heteropatella antirrhini Budd. & Wakef. 


This common and destructive disease of cultivated antirrhinums was first 
recorded in Britain in 1917 and was again observed in 1920 It was not 
known elsewhere in Europe until 1936, when report of its occurrence in Switzer- 
land was probably the first record for the Continent 

During periods of cool moist weather in the summer, from July to September 
usually, the disease may be seen to break out on the lower leaves in the form of 
small pale-yellowish spots furnished with a well-defined margin. Owing to col- 
lapse of the affected tissues, the central portion of each spot gradually pales and 
dries out ; sometimes a de- 


finite purplish margin may 
be developed around a spot, 
but this is not always pre- 
sent. The dried central area 
of the spot often drops out, 
giving a ‘ shot-hole * effect 
(Fig. 395), but actually this 
is not an invariable feature 
although it gives the disease 
its name \ Frequently the 
spots are quite large, irregu- 
lar in shape, and sometimes 
the entire lamina may be in- 
volved, On young leaves and 
young stems, curling and 
deformity of growth may 
also be seen ; later the leaves 




become dry and turn brown 
all over, the final effect giving 
the entire plant a scorched 
appearance. Though the 
above symptoms on the leaf 


Fig. 395. — Shot-hole of Antirrhinum {Heteropatella antir- 
rhini). Leaves of A. majus showing spots caused by 
the Cercosporella stage ; upper row, early stages ; lower 
row, subsequent shot-hole effect. On right, the pycnidial. 
Heteropatella stage on over-wintered dead stems (photos 
by Buddin & Wakefield, Trans, Brit, Myc, Soc.) 
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are the most conspicuous, in severe in- 
fections the stems also develop lesions 
of a cankerous nature, in which case 
the development of the inflorescence 
is poor and distorted, the plant pre- 
senting a sickly appearance, and in 
very bad attacks entire plants may be 
lost outright 

There are two more or less distinct 
phases in the life-history of this disease, 
namely that of the actively parasitic leaf- 
spot stage caused by the Hyphomycete, 
Pseudodiscosia (Cercosporella) antirrhini^ 
which is actually only the summer, 
conidial stage of Heteropatella antirrhini 
causing the second stage which develops 
pycnidia on the dead or decorticated 
stems (Fig. 395). These forms occur in 
the Excipulaceae group of the Sphaero- 
psidales (Fungi Imperfecti) The 

acervuli (Fig. 396 a) containing the 
summer spores are closely crowded on 
spots occurring on the leaves or the 
green parts of the stem and present a moist, waxy appearance, of a pale-pink colour. Erect, 
branched conidiophores (Fig. 396 b) break through the epidermis to produce the conidia 
which are of characteristic form (Fig. 396 c). They are narrowly obclavate and curved, 
from I- to 3 -septate ; the apex is drawn out into an awl-like portion, and the basal part is 
furnished with a short tail or appendage. The conidia measure, in the cellular, septated 
part, from 20 to 35 by 3*5 to 4 /x, and the apical extension is from 20 to 25 fx long, while 
the ‘ tail ^ (which is formed largely after the spores have dropped off the conidiophores) 
measures about 10 ^ long The pycnidia of the Ileteropatella-stSLgt (Fig. 396 d) occur 
on the wood after the cortex has fallen off ; they are sparsely developed, brownish-black, 
globose-depressed, 500 to 600 /x in diameter ; they are closed at first, later opening irregu- 
larly by a laciniated margin, exposing a pink spore bed in which the conidiophores are 
branched and very densely packed together. The pycnospores are falcate and, like the 
conidia, furnished with an apical extension and a basal appendage ; they are hyaline, 2- to 
3-septate, and measure from 25 to 30 or even 35 by 3 to 4 fx, the apical portion being from 
20 to 25 iM long, the basal portion forming a short stipe or pedicel ; the pycnospores are 
extruded from their pycnidia in pallid rosy globules 5) (see p. 53). 

The organism is of slow growth in culture ; the optimum temperature is 18° C., no 
growth occurring at 25° C. ; minute pinkish pustules of conidia are developed on a 
scanty white mycelium ; later, solid, bun-shaped sclerotia-like bodies appear, externally 
black, and hyaline within, producing when sub-cultured the summer conidia in great 
profusion 

The pycnidia on the dead stems arise between cortex and wood, the fungus 
in this region bringing about a decortication of the stems. Pycnospores collected 
from the dead stems, inoculated into the living leaves produced the characteristic 



Fig. 396. — Heteropatella antirrhini. Ay vertical 
section of an acervulus. By branched conidio- 
phore. Cy conidia of various stages. Dy verti- 
cal section of pycnidium. i?, pycnospores 
( ^ 570) (after Buddin & Wakefield, Trans. 
Brit. Myc. Soc.) 
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leaf spots, thus repeating the parasitic phase of the disease The spores from 
the summer acervuli and those from the pycnidia germinate in the same way. 

I'he fungus appears to survive from one season to the next in the form of black 
sclerotial bodies similar to those obtained in culture, and these in turn give rise 
to pycnidia, and presumably primary infections are brought about by pycnospores. 
The disease spreads on the plant from below upwards and attacks the leaves and 
young green shoots. The spores are probably dispersed from the fructifications in 
drops of rain or dew, and conveyed to the host by splashing of rain or by watering. 
Infection of the leaf is direct into the epidermis, not stomatal, and the mycelium 
occupies the intercellular spaces and cells of the mesophyll. In the stem lesions, 
the phloem and cambium of the vascular bundles are disorganised, and the cortical 
tissues are permeated with mycelium ; the fungus may also be found in the 
phloem, cambium, and medullary rays. In preparation for sporulation, hyphal 
aggregations form in the epidermis, or between cuticle and epidermis, on both 
stem and leaves 

Some varieties of antirrhinum having red pigment in the leaves and stems 
appear to possess greater resistance than others ; green-leaved, bedding varieties 
have proved to be very susceptible 


1. Buddin, W., and Wakefield, E. M. : 1924. Grdnrs*. Chron. Ixxvi, 150. 

2. — — 1926. Ttans. Brit. Myc. Soc. xi, 169. 

3. — — 1929. Ibid, xiv, 220. 

4. Cayley, D. M. : 1920. Grdnrs\ Chron. Ixviii, 158. 

5. Grove, W. B. : 1937. CoelomyceteSy ii, 156, 286. 

6. Tavel, C. : 1938. Mitt. Ges. Bern. 1937, xx. 

7. Wakefield, E. M. : 1918. Kew Bull. 233. 


Leaf Spot of Dahlia, Entyloma dahliae Syd. 

Leaf spot or smut disease of dahlia was discovered on Dahlia variabilis in 1911 
in Natal, South Africa 6) Since 1918 it has occurred rather frequently on the 
Continent and appeared in Britain probably about 1927 By damaging 

the foliage, the disease greatly interferes with the normal development of the 
tubers 

The disease attacks the plants when they are more or less established, usually 
about flowering time, and is greatly encouraged in damp, shady positions, under 
which conditions it may assume epidemic proportions The lower leaves suffer 
most, while the upper may escape altogether Early symptoms consist of small 
flecks of a yellow-green colour (Fig. 397) traversing the whole thickness of the leaf, 
and as they increase in area (up to a quarter-, sometimes even three-quarter inch, 
in diameter) may remain circular or become angular in shape if they abut on the 
larger veins. The spots turn brown at the centre so that a ‘ halo ’ effect is pro- 
duced around each area. Sometimes the browned necrotic centre drops out, 
leaving a ‘ shot-hole *, but the halo still remains. New spots continue to be 
formed and may join together to develop into quite large areas of browned leaf 
surface ; if infection is severe, entire leaves shrivel and die, and sometimes there 
is considerable loss of foliage The petioles may also be affected, the spots here 
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being longer, of an oval shape, and 
not infrequently forming long stripes 
along the leaf stalks 

Leaf spot is caused by Entyloma 
dahliae one of the smut fungi {Tille- 
ttaceae). The fungus is confined to the 
leaves, occupying only the leaf spots and 
forming in the mesophyll of the affected 
parts a sparsely developed, slender my- 
celium. The life-history is very brief, 
for the hyphal cells early pass over to 
sporing, with the formation of chlamydo- 
spores. These are developed in the leaf 
tissue, in chains, and may be polygonal 
in shape from mutual pressure, or if they 
occur more or less isolated, somewhat 
spherical They are yellow to light 
brown, later becoming darker in colour 
and thick-walled, and measure, according to various authors, 1 1 to 17/i (average, i3‘5/x) ; 

12*5 by 16 /X ; or, 10 to 16 /X in diameter. The spores germinate (at 22° C.) to produce 
a germ-tube (promycelium) which gives rise to a whorl of sub-branches, 5 or 6 in number ; 
most of these branches grow out into thinner, thread-like hyphae which eventually 
produce sporidia. The latter are narrow, needle-like, straight or slightly curved, non- 
septate, and measure from 45 to 75 fx (average, 61 fx) by 2 fx 

Under natural conditions the spores are not released from the host but germ- 
inate in the leaf tissue, sending up the promycelia to the surface of the leaf to 
produce each about three or four sporidia. The chlamydospores probably remain 
dormant in leaf debris, or in the soil, until the next season, when under favourable 
conditions they are able to germinate and produce sporidia to start fresh infections. 
The disease is favoured by high humidities, late planting, and a deficiency of 
lime in the soil 

‘ Cactus ’ dahlias are observed to be more susceptible to leaf-spot disease than 
the ‘ pompon ’ types ; and while no varieties of Dahlia variabilis are known to 
be immune, those derived from Dahlia merckii are resistant Spraying with 
Bordeaux mixture, 4:4: 50, the first application being given early in August 
followed by a second, three days later, is recommended as a protection 

1. Amaud, G. : 1925. Rev, Path. Veg. et Ent. Agric. xii, 263. 

2. Flachs, K. : 1927. Blumen- u. Pflanzenbau, xhi, 64. 

3. Green, D. E. : 1932, Jf. Roy. Hort. Soc. Ivu, 332. 

4. Pape, H. : 1926. Gartenwelt, xxx, 632 ; 666. 

5. Pethybridge, G. H. : 1928. Grdnrs*. Chron. bcxxiv, 393. 

6. Sydow, H. : 1912. Ann. Mycol. x, 36. 



Fig. 397 — Smut of dahlia {Entyloma dahliae) 
(photo by Green, J. Roy Hort Soc , by 
permission of the Editor) 


Leaf Rot of Carnation, Heteropatella valtellinensis (Trav.) Wollenw. 

Leaf rot of carnation, known in Germany since 1921 was found in England 
in 1927 on plants growing in the open near Brighton, Sussex ^3). 
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The disease is characterised by 
large, soft, greyish or brownish patches 
(Fig. 398), occurring near the base of 
the lamina in more or less transverse 
bands up to i cm. wide, which show 
on both surfaces of the leaf Some- 
times the leaves may be affected from 
the tips down, for about a third of 
their length, these parts being almost 
white in dry weather, the colour chang- 
ing to a grey brown under wet con- 
ditions. On leaves recently attacked, 
a zone of purple frequently occurs 
between the affected white and the 
healthy green part of the blade The 
diseased portions of the leaves soon 
become withered and broken up. 

Similar symptoms may occur on the 
stems, flower stalks, bracts, and sepals. 

If stock plants are badly diseased, diffi- 
culty may be found in getting suitable 
shoots for use as cuttings, since the 
leaves of the terminal rosette (‘ spike ’) 
are also frequently attacked. The cen- 
tral leaves of the rosette may apparently 
become infected by contact and fric- 
tion with the surrounding diseased 
leaves ^ 3 ), 

Leaf spot is caused by Heteropatella 
valtelhnensis, a member of the Fungi Im- 
perfecti ; this name now replaces Pseudodiscosia dianthi The spores are developed in 
two kinds of fructifications, acervuli and pycnidia (Fig. 399). The acervuli occur on the 
leaves and consist of small, raised pimples, originating beneath the cuticle ; they are disc- 
shaped, from 0*1 7 to 0*38 mm. in diameter, and break through the cuticle which then sur- 
rounds each pustule like a raised collar ; the conidia are abstricted from simple or branched 
conidiophores 3 to 4/11 wide. The conidia are oblong, mostly spindle-shaped, slightly 
curved like a sickle, thin- walled, colourless, mostly 2- to 3 -septate, somewhat constricted 
at the septa, tapering at the upper end into a long awl-shaped process, while the opposite 
lower and broader end is provided with a shorter thread-like tail or appendage. The 
spores measure from 12 to 42 by 3*7 /x ; but without the apical process and tail, from 12 
to 24 /X long ; both these prolongations to the spores may sometimes be absent. The 
pycnidia are later in appearing than the acervuli, on the lower, old or very rotten leaves. 
They are globose-depressed, from 0-25 to 0*5 mm. in diameter, and open irregularly ; 
the pycnospores are extruded in dirty-white globules, and are very much the same in shape 
as the acervular spores ; without the prolongations they measure from 20 to 25 by 4 to 
6 jx ; with, from 20 to 30 jx in length In culture, conidia and pycnospores produce 
similar growths, consisting of somewhat pinkish, slimy masses of small, i- to 2-septate 

2E 



Fig. 398 — Leaf rot of carnation {Heteropatella 
valtellinensts) A, lesion at base of leaf, under 
side. By lesion half-way up. C, basal lesion, 
upper side of leaf (photo by Ware, Grdnrs*. 
Chron.) 
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Fig. 399 . — Heteropatella valtelhnensis. A, section of acervulus showing the conidia breaking 
through the cuticle and thick-walled epidermis. j 5 , section of healthy leaf showing cuticle ‘ a ’ 
and thick-walled epidermis * he' { X150). C\ conidia showing the characteristic appendages 
( X 424) (after Salmon & Ware, Grdnn*. Chron.). D, vertical section of pycnidium. 
sporophores and young pycnospores. F, mature pycnospores. G, germination of the spores, 
with probable appressoria. //, an abnormal spore with two appendages. primary spores 
found in cultures. {F-Jy x 640 ; D~J, after Buddm & Wakefield, Trans. Bnt. Myc. Soc.) 

spores, without appendages ; no pycnidia were observed to develop in culture. The 
organism grows well about 20° C. and up to 25^ C., but not at 30° C. 

The fungus probably survives from season to season in the decaying leaves ; 
to what extent, if any, it may occupy the stock is not known, but infection does not 
usually proceed further from the leaves than the points at which they are attached 
to the stem 

The spores germinate easily from any of the constituent cells, to form a colour- 
less, septated mycelium. The disease is favoured by dampness and low tempera- 
tures, and produces its worst effects towards the end of the summer, continuing 
during the autumn and practically throughout the winter, after which the new 
growth is liable to become infected. The fungus occupies the leaf from one side 
to the other, but chiefly the epidermal cells. Thereafter the hyphae collect at 
various places between the epidermis and cuticle to form a plectenchyma which, 
in turn, gives rise to the fructifications above mentioned. 

Leaf rot may be kept in check by correct cultivation and avoidance of stagnant 
conditions. Where the disease has occurred, all affected parts of plants should be 
removed and destroyed. In some cases protection has been obtained by spraying 
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with Bordeaux mixture, but the results are n6t always encouraging, though rooted 
cuttings may be dipped in the mixture, or sprayed with it as a precaution before 
planting. Careful inspection of the cuttings should be made during the season 
and those showing signs of disease should be destroyed 

1. Buddin, W., and Wakefield, E. M. : 1929. Trans. Brit. Myc. Soc. xiv, 215. 

2. Hostermann, G., and Laubert, R. : 1921. Gartenwelty xxv, 65. 

3. Salmon, E. S., and Ware, W. M. : 1927* Grdnrs\ Chron. Ixxxi, 196. 

4. Schmidt, H. : 1936. Kranke Pflanze, xiii, 49. 

5. Wollenweber, H. : 1931. Zeitschr. f. Parasttenk. 111, 499. 


Rose Mildew, Sphaerotheca pannosa (Wallr.) Lev. 

Rose mildew is rarely absent from greenhouse or garden during the growing 


season. This very common disease of 
1819 in Germany and is prevalent 
throughout Europe, America, and 
Australia 7, n, 19)^ 

The disease first appears on young 
leaves and shoots as grey or white spots 
which soon spread until entire leaves, 
long stretches of stems, buds, and even 
the basal parts of prickles become 
more or less covered with the white 
powdery spores of the mildew (Fig. 
400). In severe attacks growth may 
be checked, the plants remain stunted, 
the leaves curl, wither, and drop off, 
and buds smothered in mildew fail to 
open. Sepals and receptacles of flower 
buds are often covered with the fungus 
and sometimes the petals remain small 
and dry Mildew is rarely suffi- 

ciently serious to kill the plants, but 
its recurrence from season to season 
hinders normal development. 

Rose mildew is caused by Sphaerotheca 
pannosa {Erysiphaceae) which is 

usually further designated as the variety 
rosae, to distinguish it from another form, 
persicae, which attacks almonds, apricots, 
and peaches S. pannosa is the species 
which causes the disease in Europe ; in 
the United States, humuli is also said 
to attack roses, but others have found 
only S* pannosa From the super- 

ficid mycelium, which forms haustoria " 


all kinds of roses was first discovered in 



Fig. 400. — Rose mildew (Sphaerotheca pannosa). 
The whitish conidial pustules on stem, leaves, 
and fruits 
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in the epidermis, erect conidiophores' cut off from 6 to 8 elliptical or barrel-shaped 
conidia, 22-92 to 28*68 by 13-63 to 15*8 /x (average, 25-5 by 14*3 /x) The perithecia 
or cleistocarps are found on the leaves, petioles, stems, and around the bases of thorns, 
embedded in the ‘ pannose * or felted patches of persistent mycelium, and are usually 
to be found mostly on the petiole and at the back of the midrib. They are globose to 
pyriform, 85 to 120/x in diameter; appendages, few or absent, are short, tortuous, 
pale brown and septate; the single ascus is broadly oblong to globose, 88 to 115 /x, 
averaging 100 by 60 to 75 /x, 8-spored ; ascospores measure from 20 to 27 by 12 to 

15/X 

After their separation from the host the conidia are very sensitive to environ- 
mental conditions ; they are not adapted for long survival and lose their 

germinative capacity in less than 24 hours They are wind-borne and are, no 
doubt, dispersed for short distances, but appear not to be adapted to withstand 
extreme temperatures and humidities During mild winters conidia are 

probably enabled to survive in sheltered places in the open, or on protected plants 
in the greenhouse, and together with the ascospores from over- wintered cleisto- 
carps, bring about fresh infections in the spring. There is no substantial evidence 
that mildew of roses is able to tide the winter in the form of a resting mycelium on 
the host, but is believed to survive sometimes during the winter out of doors, 
protected in the buds 

The conidia may germinate on either side of the young leaf, producing several 
germ-tubes, the whole giving the growing spore a cruciform appearance. The 
superficial mycelium forms dense white satiny patches of interwoven hyphae 
which are thick-walled (6 /x), refractive, and somewhat rigid. Later the colour 
becomes grey, dingy-buff, or rarely pale brown 

Mildew appears to break out under most diverse conditions of the environment. 
If warm muggy weather occurs in late spring or early summer, the disease may 
develop rapidly but it varies considerably in intensity from season to season, 
and is often severe during a dry summer ^7), The conditions under which the 
conidia and ascospores germinate and attack the host are not fully known. These 
conditions are probably of the same order as have been elucidated in connection 
with the germination of the spores causing potato blight (p. 520) or those of white 
rust of crucifers (p. 637). (Conidia (sporangia) of potato blight, collected from 
leaves of very high water content, in a saturated atmosphere, failed to germinate 
immediately after removal, but did so when gathered after the water content of 
the host tissues had been reduced by exposure to dry air At 21° C., a tempera- 
ture favourable to the germination of the conidia of rose mildew, the effect on 
germination was found to be determined largely by the moisture content of the 
air ; immersed in or floating on water the conidia germinated poorly, but at 80 and 
90 per cent, relative humidity, at the same temperature, germination reached a 
high proportion. A high degree of germination appears, therefore, to be a matter 
of relative humidity not only of the atmosphere but also of proper humidity 
relations between the infective spores and the host cells attacked by them. 

Good control over rose mildew may be obtained by spraying with copper 
oxychloride in oil (* Bouisol * plus white-oil emulsion), used at a dilution of i oz, 
in 5 pints of water, applied towards the end of June ; if severe, applications may 



CH. XVI 


ORNAMENTAL AND MISCELLANEOUS PLANTS 


857 


be repeated at 3 weeks' intervals 18)^ Liver of sulphur and lime sulphur 

may also be used on roses in the open but is inclined to leave a deposit on 

the foliage and has a tendency to harden young growth under glass, especially 
if soap is used as an adhesive Under greenhouse conditions in New York 
wettable sulphurs afforded good control and proved superior to copper fungicides ), 
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Black spot of Rose, Diplocarpon rosae Wolf 

Black blotches familiar on the leaves of rose trees impair their vigour and in 
severe attacks bring about extensive defoliation of the bushes. While the spots 
occur but very rarely on the blooms themselves (Fig. 401, insets), yet their recur- 
rence on the green leaves from season to season renders the provision of food 
reserves in the perennial tissues inadequate, in consequence of which affected 
trees make poor growth and the blossoms dwindle every year in number and 
quality. The disease attacks all varieties of roses, under glass and in the open, 
and while some varieties may, in one locality or another, or in different years, 
show some degree of resistance, no variety is, so far, known to be immune from it 
under all conditions The disease is very common in Europe and America ; 

it occurred first in Italy in 1824, and appeared in the United States in 1887 ; 

it is prevalent also in Australia 

In Britain the disease breaks out usually about the middle of June, as small 
brownish-black spots on the upper, sometimes on the lower surface of the leaves, 
and the spots may either be distinctly round or more frequently furnished with a 
radiating fringe-like margin showing through under the cuticle (Fig 401 a). 
Individual spots often reach a diameter of i cm., and in heavy infections extensive 
areas of the leaves may be blackened and killed from the accumulation of fresh, 
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Fig. 401. — Black spot of rose {Diplocarpon rosae). A, the disease on a leaflet, and (insets) on the 
flowers. B, a severe, diffuse type of infection (photos by Green, Jf. Roy. Hart. Soc,) 


secondary infections (Fig. 401 b), so that by about the middle of August affected 
bushes often look very bare from loss of leaves. In consequence of premature 
defoliation, buds which normally remain dormant until the following season are 
stimulated to grow during the current season to make good the loss and, by 
opening late, cause a considerable drain on the already depleted reserves of the 
plant. Such buds are often killed by frost, so that the weakened trees fail entirely 
to flower in the following season Tiny lesions, easily overlooked, also occur 

on the stems and, when sporulating, they serve to propagate the disease 

Black-spot disease of roses is caused by the Ascomycete Diplocarpon rosae 
(Perisporiales) ; the ascigerous stage was discovered by Wolf ^^5) in 1910 in the 
United States, on over-wintered leaves, but it is not common (it has not been 
found in Britain) and the fungus is more familiar under the old name Actinonema 
rosae given to the parasitic stage, which is mainly responsible for spreading the 
disease It grows slowly and loses pathogenicity in pure culture 

The fungus has three types of reproductive structures : the summer acervuli 
containing conidia of the Actinonema stage, on leaves and young shoots ; sperm- 
agonia, on older leaves, in association with the ascigerous stage ; and the cleisto- 
carpic Diplocarpon stage, on over- wintered leaves. All three fructifications are 
developed between cuticle and epidermis and appear as tiny raised specks within the 
blackened areas, especially towards the fibrillar margin of the spots. The conidia 
are hyaline, oval to elliptical, bicellular, and constricted at the septum, the cells 
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sometimes breaking apart at the septum to function as separate spores ; typical 
conidia measure from 18 to 25 by 5 to 6 The tiny spermagonia contain 
myriads of bacilliform spermatia 2 to 3 /x long, and sometimes typical bicellular 
conidia in addition to spermatia Cleistocarps, on dead leaves, sunk deep 
into the tissues, are spherical to disciform, 100 to 250 /x in diameter ; the asci 
are oblong or siib-clavate, 70 to 80 by 15 /x, and are interspersed with capitate, 
septated paraphyses ; the ascospores closely approximate the conidia in dimen- 
sions, from 20 to 25 by 5 to 6 /x, and vary considerably in shape, but are hyaline 
and bicellular like the conidia ; the cleistocarps open at the top in a stellate manner 
and the ascospores are exuded in viscid masses ^*5)^ Fructifications resembling 
the cleistocarps, and arising, like them, deep within the leaf tissues, but con- 
taining conidia in place of, and identical in dimensions with, the ascospores and 
discharged to the surface in the same way, have also been found These 
differences in the contents of the deep-seated fructifications, observed by dif- 
ferent authors are explained on the hypothesis that the true cleistocarps are 

developed following an act of fertilisation in which the spermatia take part, and 
that in the absence of spermatia, or failure to effect fertilisation, cleistocarpic 
initials pass over to the production of pycnidia 

The mode of survival of the fungus and provision for future infections depend 
largely on locality and environment, and while cleistocarps containing ascospores 
may be the means of carrying the fungus through the winter in some areas, in 
Britain and other places where cleistocarps have not been found, infections in all 
probability are provided by conidia which develop on infected leaves that persist 
on the trees or on the ground throughout the winter. But another and important 
source of infection, discovered in England, is the development late in the season of 
conidial acervuli on the young wood Such acervuli, with unbroken cuticle and 
conidia below, have been found during January and February ; they remain thus 
protected throughout the winter until the spring, and the spores are dispersed at the 
time when the buds are breaking into leaf ; but some varieties of roses appear to 
be more susceptible than others to the formation of these over- wintering lesions on 
the young wood. It has been suggested that the disease may not always be carried 
over the winter on any part of the rose tree itself, and that possibly an intermediary 
plant may exist, but so far no such alternative host has been discovered In 
this connection it is significant to note, however, that in certain areas where the 
disease is not common it does not appear to spread, and even when introduced 
into the neighbourhood soon apparently dies out, possibly from the absence of a 
carrier host 

Both conidia and ascospores are probably disseminated when the trees are 
splashed with rain, and perhaps by insects, for the viscid nature of the spore 
exudate, in both cases, precludes dispersal by wind. First signs of infection 
following inoculation of the leaves with either conidia or ascospores appear in 
about 10 days, and acervuli containing conidia are developed 8 days later, but 
growth is much faster on young leaves than old. Penetration, direct through the 
cuticle, is favoured by temperatures from 20 to 26*5° C., and a humid atmosphere 
of 92 to 97 per cent, saturation. The germ-tubes form appressoria, and after 
passing between the epidermal cells the infection hyphae establish haustoria in 
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the epidermis before proceeding to ramify between the epidermis and the cuticle. 
Soon an appreciable patch of the leaf epidermis turns brown from the death of its 
cells and later turns black to form the familiar blotch 

When acervuli or spermagonia are about to develop on the blackened areas, the 
spots become dotted over with small blisters due to the formation of conidia or 
spermatia from thin stromata of mycelium developed between cuticle and epidermis. 
In pustules, destined for over-wintering, which develop on the young wood late 
in the season, the mycelium is more or less confined to the cortex, and the stromata, 
which are somewhat thicker jn this region than in the leaf spots, develop in the 
same way, between epidermis and cuticle, to form short conidiophores from which 
are developed conidia of the same type as those formed by the leaf acervuli, and they 
are liberated in the spring to collect in viscid masses on the surface of the twigs. 

Resistance to black spot appears to be a purely relative character, depending 
largely on locality and environment. In general, varieties of roses with thin 
leaves, e.g. Hybrid Juliet, a most susceptible variety, are very subject to black 
spot, while thicker and tougher-leaved kinds are frequently found to be more 
resistant. Wichuraiana and Polyanthus roses withstand the disease well in 
England, but exhibit considerable seasonal variation in the severity of symptoms. 
In general, Tea, Hybrid Tea, and Hybrid Perpetual roses differ greatly in resistant 
powers ; all bush roses are more or less liable, but in the United States, Wichuraiana 
types, Rugosa Hybrids, Pink Princess, and Moss Roses are rarely attacked 

The manner of dissemination of the spores by splashing of water indicates 
that great care should be exercised when the trees are watered or syringed. To 
prevent carrying the fungus over from old leaves and wood prunings, it is advisable 
to collect all such material for destruction by burning. As an additional precaution 
it is often the custom to remove a layer of the soil from infected beds in early 
winter, to ensure not only the complete removal of infected plant debris, but of 
any other form of the fungus that, so far as is known, may be capable of survival 
in the soil \ The disease can be kept well under control by fungicides. Bordeaux 
mixture, 4 : 4 : 50, with saponin, i oz. per 50 gallons, as an adhesive, applied 
towards the end of June and repeated frequently at fortnightly intervals, gives 
good protection. An alternative method, which does not discolour the foliage, is 
to dust the leaves with a sulphur-copper dust, or a specially prepared sulphur, 
finely divided and dyed green (‘ pomogreen ') in imitation of the natural foliage ; 
used with the addition of 10 per cent, lead arsenate, good results are obtained, 
the plants blossom freely and defoliation is checked 8, iia), A combined treat- 
ment, controlling ‘ red spider ' as well as leaf blotch, consists of spraying with 
* selocide ’ mixed with pyrethrum oil as a spreader, two or three applications being 
given at intervals of 7 or 10 days Potassic manures appeared to reduce the 
amount of leaf infection, but lime seemed to have no effect 
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Brown Canker of Rose^ Cryptosporella umbrina (Jenk.) Jenk. & Wehmeyer 

Brown canker is prevalent on Tea, Hybrid Tea, and Hybrid Perpetual roses, 
in various parts of the United States and was recorded for the first time in 
Britain in 1931 to cause a wilting and die-back of roses 

The disease attacks the stems, leaves, and flowers. From June to August small 
lesions may be seen on the stems, at first purple, then turning white at the centre, 
and ultimately forming conspicuous buff-coloured cankers with a purple margin. 
The central, lighter part of the lesion becomes speckled with the ostioles of numer- 
ous pycnidia, and later, usually in circles surrounding the pycnidia, with the pro- 
truding beaks of perithecia. On the leaves, purplish spots arise which may remain 
so without further change or, like the cankers on the stem, the centre may turn 
white or a cinnamon-buff colour, and develop pycnidia ; leaf stalks and stipules 
may also become similarly spotted. On the petals, the spots are of a cinnamon- 
buff colour and pycnidia may form on them as on the leaves, in well-defined con- 
centric circles, and these fructifications may be seen, too, in abundance on dead 
blossom and fruits 

The causal fungus is Cryptosporella umbrina, a member of the Sphaeriales The 
pycnidia are sub-epidermal, sub-globose, thick-walled, irregularly ostiolate, unilocular 
or chambered, 200 to 300 fx in diameter ; pycnospores are straight or slightly curved 
hyaline, 4*8 to ii *2 by 2 to 3*2 /x The perithecia, 100 to 290 fx in diameter, concentric- 
ally arranged around the pycnidia, are immersed, globose, the beak 150 to 195 /x long, 
scarcely projecting above the epidermis ; asci clavate, 30 to 50 by 6*4 to 8 /x ; no para- 
physes ; ascospores ellipsoid, hyaline or light-olivaceous, unicellular, measure from 8 
to 11*2 by 3‘2 to 4/x 

The mode of over- wintering of the fungus is not clearly known, but since 
perithecia may be found practically all the year round, the mycelium is probably 
perennial in the cankered wood. Primary infections in the early spring are due to 
ascospores which are dispersed by wind, splashing rain, insects, or conveyed on 
garden implements Infection probably occurs only through wounds in the 
bark, and buds are also liable to infection, but only if injured. Attacks from both 
pycnospores and ascospores require a high degree of humidity for successful 
infection. 

During the dormant period and again early in the spring, a spraying with 

2E2 
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Bordeaux mixture may be given as a protection. All cankered parts should be 
destroyed. Careful watch should be made in the spring for stems showing infec- 
tion, and these should be removed as they are the sources of secondary infections \ 

1. Jenkins, A. E. : 1918. J. Agric. Res. xv, 593. 

2. — 1931 . lind. xlii, 293. 

3. — 1935 - Phytopath, xxv, 886. 

4. — and White, R. P. : 1932. Mycologta, xxiv, 485. 

5. Ogilvie, L. : 1932. Trans. Brit. Myc. Soc. xvn, 153. 


Stem and Graft Canker of Rose, Leptosphaeria coniothyrium (Fuckel) Sacc. 


Leptosphaeria coniothyrium ^ besides causing cankers on stems and stocks of 
roses attacks apple blackberry and willow and has already been 

described in this book in association with a blight of raspberry canes (p. 804). 
Another affection of roses described in Europe and the United States 7 , 14, 22) 
as brand canker, caused by a related fungus known only in its pycnidial form, 
Coniothyrium wernsdorffiae shows symptoms very similar to those of stem 

and graft canker, but is ap- 



B A C 

Fig. 402. — Rose canker. A, graft canker {Leptosphaeria 
rosarum. B, C, stem canker {Leptosphaeria coniothyrium) 
(photos by Green, J, Roy, Hort. Soc.) 


parently confined to roses and 
does not occur in Britain 
Some authors 8)^ however, 
do not recognise these diseases 
as being separate nor the 
organisms causing them as 
distinct species, but recent 
work ^21, 22) (despite the ad- 
mittedly wide polymorphism 
of Coniothyrium fuckeliiy the 
pycnidial form of L. conio- 
thyrium) maintains a separate 
identity for brand canker 
caused by C. wernsdorffiae. 
Young lesions of stem 
canker (Fig. 402) appear on 
the one-year-old green wood 
as more or less confluent red- 
brown to purplish spots on 
the bark, in any parts, irre- 
spective of the position of 
branches, thorns, or buds. 
The pycnidial fructifications 
in these regions ultimately 
break through to liberate 
sooty masses of spores, and 
with the progressive rupture 
of the bark deep fissures or 
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cankers develop on the shoots In the case of graft cankers (Fig. 402 a), the colour 
is darker brown than that of stem cankers, varying from cinnamon brown at the 
centre to hazel or auburn at the margin, and here, again, the sooty spore masses 
break through from the erumpent pustules, and with repeated attempts at healing 
of the cankers by callus formation, the affected parts gradually become girdled 
with large warts and finally die Graft canker of roses (long associated with 
another species of Coniothyrium, C. rosarum now believed to be synonymous 
with C. fuckelii) results from various causes, such as an infected condition of the 
stock before grafting or budding, or the presence of spores at points where grafting 
has been imperfectly performed, or through the separation of the bud by drying, 
or by infection of the top of the stock left as a support for the growing scion 

The pycnidial stage, C. fuckelii, is much more prevalent than the perfect ascigerous 
stage, L. coniothyrium. The pycnidia are 180 to 200 in diameter, ostiolate ; conidio- 
phores are barely perceptible and the pycnospores appear to arise by budding of the cells 
lining the loculus ; the globose or slightly elliptical, olivaceous spores are exuded in 
gelatinous masses, and measure from 2*4 to 5 by 2 to 3-5 fx. The organism in culture is 
polymorphic, giving first a yeast-like form of short chains or glomerules composed of 
simple or septate cells, and these, in transfers, yield a mycelium which gives rise to the 
characteristic pycnidia The perithecia of L. coniothyrium have already been 

described (p. 804). The minimum temperature for growth is 1°, the optimum between 
25° and 26°, and the maximum between 32° and 35° C.^22) ^he production of fructifica- 
tions appears to depend on the strains used and the age of the culture, and there are 
apparently some strains of C. fuckelii which sporulate abundantly while others yield only 
sterile mycelium ^^2). 

Infections by spores from cankers, dispersed in splashing rain-drops, take place 
through wounds caused possibly through broken prickles, or by friction between 
the shoots, or by hailstones or insects. The mycelium is apparently capable 
of wintering on stubs left on the plants after pruning (pycnidia have been found 
to develop close to the pruned cuts), or in pieces of diseased stem on the ground 

Spraying of the bushes is of little avail against canker. All diseased parts 
should be cut away at the base and burned. Graft-work should be done carefully, 
the scion being cut so as to avoid leaving a stub above the node and the joint 
covered over with wax 
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Rose Rust, Phragmidium mucronatum (Pers.) Schlecht 

Rust of rose trees, caused by Phragmidium mucronatum^ is common everywhere 
on wild and cultivated roses. In Britain it appears to be somewhat localised, but 
in some areas has proved to be rather troublesome especially on stocks grown 
for grafting, and when severe there is a decided check to growth as a result of 
premature defoliation 

Rose rust pursues its complete life-history on the one host, and is therefore 
autoecious. Uredosori and teleutosori develop on the leaves, and aecidiospores, 
in caeomata, may be found on buds, stems, leaves, petioles, and fruits, but occur 
most commonly on the stems. Infected branches may become hypertrophied 
and deformed, and on the stocks histoid galls (p. 194) may develop 

The uredosori may first be seen in June on the under side of the leaves as small yellow 
pustules, somewhat localised, and surrounded by a circle of clavate hairs ; the uredospores 
are ovate or ellipsoid, yellow, echinulate, 21 to 28 by 14 to 20 /t, with numerous germ- 
pores. 

The teleutosporcs arise usually in the same sori as uredospores in late summer or 
autumn ; they are black, bulbous, and furnished with long stalks, 70 to 80 by 15 /x, 
septated into 6 to 8, rarely 5 or 9 cells, the terminal cell being furnished with a pointed 
papilla ; the spores measure from 65 to 120 by 30 10 45 /x. The teleutospores will only 
germinate after a period of rest and freezing, and most attempts to produce infection 
with them have failed 

The caeomata may occur singly or joined together, and break through the covering 
epidermis, exposing a sorus of bright-orange aecidospores in short chains ; the spores are 
verrucose, orange-yellow, 24 to 28 by 18 to 21 /x ; spermagonia are produced on the upper 
side of the leaf. 

Though experiments to bring about infection with teleutospores have failed 
in England, yet these spores have been seen adhering to the stems of rose bushes 
and may persist in cracks in the bark or between bud-scales, and it is not im- 
probable that under certain undetermined conditions they may cause infec- 
tion as they have recently been observed to do in California, the sporidia 
producing caeomatal lesions on both leaves and young stems, while uredospores 
caused only leaf infections But aecidiospores and uredospores infect readily 
if the leaves are thoroughly wetted ; the latter do not survive long in localities 
of cold winters or high summer temperatures, but survive to cause fresh infec- 
tions in places where the temperature is uniformly favourable, with adequate 
rainfall for the spread of infection Strong light apparently depresses the 
rate of uredospore germination Caeomata have been found to develop in 
successive years on the same branch lesion, showing that the mycelium had sur- 
vived within the host for at least two years. Aecidiospores continue to be formed 
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for some weeks and caeomata have been found as early as March, a further proof 
of their development from a perennating mycelium. There is some evidence, 
too, of bud infection, no doubt by transmission from the stem, but infection is 
believed not to be systemic and there is no proof of direct migration of the fungus 
from an infected stock to the graft 

Temperatures between 60° and 70" F., with sustained moist conditions, such 
as heavy dew formation, are necessary for infection with uredospores. 

There are apparently no morphological differences between uredospores 
isolated from different sources, but some constant variations have been observed 
in different collections of teleutospores, some strains showing 6-celled spores in 
abundance while others showed 7- or 8-celled types, and some strains of the 
fungus are apparently less susceptible to fungicidal action than others 

Since the fungus is carried over mainly through a perennating mycelium pro- 
ducing caeomata, all stems showing these fructifications should be cut out as soon 
as observed and all leaves and cuttings should be collected and destroyed. 
Good control may be obtained by spraying the bushes in spring and autumn with 
lime sulphur, or 2 per cent. Bordeaux mixture, or 2 to 8 per cent, carbolineum, 
and periodical summer treatments may be given with i per cent. Bordeaux or 
Burgundy mixture Colloidal sulphur, with soft soap, also gives good control 
(i fluid oz. ‘ sulsol ' and I oz. soap per gallon) Liming and applications of 
potassium sulphate and magnesia to the soil are reported to afford increased 
resistance to the rust ). 
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White Mould of Narcissus, Ramularia vallisumbrosae Cav. 

This disease is common on various kinds of narcissus cultivated in the open 
in districts of high spring rainfall and humidity, such as the Isles of Scilly, Cornwall, 
and Devon. It has been closely investigated by Gregory, in south-west England, 
where it has been reported to assume epidemic proportions The disease, 

first described in 1899 was observed in England ip 1906 and 

recognised in 1912 as being the same as the Italian disease caused by Ramularia 
vallisumbrosae It also occurs in France and a severe outbreak of the trouble 
in the United States in 1930 was reported in Oregon 

Considerable losses ensue when the blooms are marred by blemishes of spore 
infections, and flower stalks of the variety Narcissus poeticus are sometimes rotted 
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by this disease. By attacking the foliage 
leaves and causing premature destruc- 
tion of leaf tissues, the fungus prevents 
the developing bulbs from obtaining 
adequate provision of food reserves, so 
that only weakly bulbs are produced. 

White mould, like other diseases 
affecting narcissus, is not usually severe 
in the first year of planting, but be- 
comes aggressive in the second and 
third flowering seasons. First signs 
of the mould are manifest when the 
young leaves are about three or four 
inches above the ground, the two 
protecting sheathing leaves being un- 
affected. At this time small, sunken 
grey streaks may he seen near the tips 
of the leaves, facing the outside. As 
the streaks enlarge, yellowish-brown 
necrotic spots appear on them and 
these become covered with a dense 
layer of buff to chalky-white conidia 
arising in tufts or sporodochia (Fig. 
403). In some varieties of the host 
the affected area is surrounded by a narrow dark-green band, and outside this 
again a straw-yellow border, which fades imperceptibly into the natural green of 
the leaf, may be detected. When secondary infections develop, the parts of the 
lamina lower down, as well as other leaves and flower stalks, also become affected 
under damp conditions. With the advance of the season, when the leaves are 
beginning to wither and spore formation is about over, small black sclerotia develop 
in the older parts of the defunct sporing lesions. The sclerotia are especially 
numerous just beyond the limits of the old sporing areas and somewhat more 
sparsely developed over the remainder of the withered leaf. 

White mould disease, confined to narcissus, is caused by a member of the Fungi 
Imperfecti and has been variously named Ramularia vallisumhrosae^ R. narcissi, and 
Cercosporella narcissi, the last name being probably a synonym. The nature and mode of 
development of the sclerotial bodies in the life-history of this organism would seem to 
suggest similarity with perithecial formation, but so far no ascigerous fructification has 
been found. The fungus is highly polymorphic (see Chapter I, p. 53), and during its 
parasitic career produces no fewer than three kinds of conidia, namely scolecospores, 
phragmospores, and amerospores, corresponding to the 'form genera*, Ramularia, 
Cercosporella, and Ovularia (Fig. 404). No real demarcation, however, can be recognised 
between one spore type and another <7). 

Penetration of the leaf by any of the conidial forms is stomatal. The infection 
hypha, which swells slightly in the sub-stomatal space, develops a branching 
mycelium which extends between the cells of the mesophyll from one side of the 



Fig. 403. — White tip of narcissus {RamuJarta 
vallisumbrosae) (photo by Gregory, Trans, 
Brit. Myc. Soc.) 
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leaf to the other, without, however, penetrating the vascular system. The yellow 
zone of discoloration seen on the leaf surface following infection, occurs somewhat 
beyond the limits of the internal mycelium, but it is not long before the palisade 
cells contract and collapse, and near the edge of the affected area the radial walls 
of the epidermal cells also give way, collapsing on the disintegrated mesophyll 
below. Only in the collapsed epidermal cells does the fungus become intracellular 
and within these cells the sclerotia develop later. The mycelium in other parts of 
the leaf aggregates chiefly in the form of plates between the epidermis and the 
mesophyll, and it is from these plates that individual hyphae arise, which by in- 
sinuating themselves between epidermal cells come into contact with the cuticle, 
under which they finally develop sporodochia. 















Fig. 404 . — Ramularia vallisumbrosae. section of sporodochium developing beneath cuticle 
covering the guard cells of a stoma on lower surface of leaf. B, development of amerospores 
in a hanging-drop, 6, 24 hours after a ; C, phragmospores, and possibly, scolecospores. D, 
conidia from leaf spots. E, immersed sclerotia beneath leaf cuticle. F, section of leaf showing 
dark, thickened hyphae connecting sclerotium with rest of mycelium in leaf. G, section of 
sclerotium in dormant condition of aestivation. Hy scolecospores produced on conidiophores 
in neck of a sprouting sclerotium. Jy sclerotium after 36 hours* incubation. Ky after 48 hours* 
incubation, showing mass of conidiophores and conidia. L, geniculate conidiophores and conidia 
from sprouting sclerotia (after Gregory, Trans* Brit* Myc. Soc*) 
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A sporodochium (Fig. 404 a) begins as a single hypha under the cuticle. After 
spreading laterally between the cuticle and the outer cellulose wall of the epidermis, 
the hypha produces a number of swollen vertical branches which lift the cuticle 
from the epidermis, the process of separation being entirely a mechanical one. 
Rupture of the cuticle is finally effected by the elongation of the vertical hyphae, 
and by further growth of the hyphae at the base of the sporodochium a plectenchyma 
is formed. Neighbouring sporodochia may link up by extension of marginal 
growth and in this way large areas of the leaf may become covered with spores. 

As above stated, the spores that may develop on a sporodochium are very 
variable, even on different parts of the same leaf, and no precise dimensions can 
be given for any of them. I'he factors which appear to favour the production of 
one type of spore in preference to another are not known, but the observation that 
scolecospores arc almost the only kind to develop in the early months of the year 
may possibly be accounted for by the effect of lower temperature or diflFerences 
in nutrition ; relative humidity may also be a controlling factor. 

The sporodochia arise mostly on the primary lesions. The closely packed, vertically 
arranged hyphae of the young sporodochium constitute the simple conidiophores whose 
distal parts are transformed into conidia. When a sporogenous hypha has reached a 
length of 40 to 100 /x, the distal part is cut off from the basal portion and the terminal 
portion is detached as a scolecospore. The scolecospores measure from 40 to 95 fx in 
length, being from 2-5 to 3-5 wide at the base, but often tapering to 2/x across at 
the apex ; they are from 3- to 7-septate (Fig. 404 h). The scolecospores appear to be the 
normal and most highly developed of the conidial types found on infected leaves in the 
field. The phragmospores (Fig. 404 c) similarly cut off from the tips of the hyphae 
projecting from the sporodochium are shorter than the scolecospores, so that after these 
spores have been dispersed the conidiophores project somewhat beyond the leaf surface 
and often radiate at various angles. Phragmospores may occasionally be produced in 
chains, a second conidium being formed from the apex of the first, a feature which has not 
been observed with scolecospore formation. According probably to the available food 
the same conidiophore which has at one stage produced scolecospores may at another 
time develop phragmospores. Amerospores (Fig. 404 b) are the type least often observed 
and appear to be developed only under exceptionally moist conditions ; they are non- 
septate conidia, measuring from 3 to 10 by 3 to 4 /x, and may develop in acropetal 
succession so that chains of conidia of an Ovularia-typc are formed. 

The sclerotia (Fig. 404 f-l), first discovered in 1926 \ follow the sporodochia 

in the same lesions, during May and June, as the leaves wither. A sclerotium 
begins as a small knot of hyphae within an epidermal cell, and soon develops into 
a mass of pseudoparenchyma rich in fat reserves ; the peripheral layers eventually 
turn black, forming a carbonaceous rind. By the development of a neck these 
sclerotial bodies bear some resemblance to pycnidia or perithecia, and within the 
neck region a brush of hairs which develops in the spring gives rise to conidio- 
phores ; this is the stage reached by the sclerotia in June and is the condition 
whereby the fungus passes through the summer months, the dormant period. 
The sclerotia become rejuvenated, to produce conidia, during the middle of 
February, the period coinciding with the appearance of the first leaves above ground, 
and at this time primary infections take place. The conidia which develop within 
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the neck of the germinating sclerotia are of the scolecospore kind, but in the labora- 
tory phragmospores and amerospores may be produced by them, and may even 
predominate. The organism is carried over from one season to the next by means 
of sclerotia on old leaves lying on the soil, the conidia produced by them early in 
the year serving to infect the new leaves ; the bulbs do not appear to become 
affected. 

Inoculations performed with scolecospores on uninjured leaf tips in a moist 
atmosphere produced the characteristic white mould lesions in three to four weeks, 
these lesions being similar to those which resulted from infection with phragmo- 
spores ; the conidia on all the lesions were of the Ramularia (phragmospore and 
amerospore) type. Repeated experiments showed that the various forms of conidia 
from sporodochia and sclerotia all come within the life cycle of this one fungus, 
R, vallisumbrosae. 

White mould of narcissus may be kept under almost complete control by the 
application of 4 : 4 : 40, or 4 ; 3 : 40 Bordeaux mixture, first treatment being given 
when the shoots are 4 to 6 inches high, with further applications at monthly 
intervals. Since the decayed leaves harbour the resting sclerotia, these should 
be raked off and burned ^7, 8)^ 

1. Beaumont, A. : 1926. Rep. Dept. PI. Path. Seale Hay ne Agric. Coll, ii, 1925, 23. 

2. Boudier, E. : 1901. Bull. Soc. Bot. Fr. xlviii, no. 

3. Cavara, F. : 1899, Rev. Mycol. xxi, loi. 

4. Chittenden, F. J. : 1906. Grdnrs\ Chron. xxxix, 277. 

5. — 1912. y. Roy. Hort. Soc. xxxvii, 544. 

6. Gregory, P. H. : 1936. J. Minis. Agric. xliii, 544. 

7. — I939« Trans. Brit. Myc. Soc. xxiii, 24. 

8. — 1940. Ann. App. Biol, xxvii, 338. 

9. McWhorter, F. P. ; 1931. PI. Dis. Rpt. xv, 3. 


Shanking of Tulip, Phytophthora cryptogea Pethybr. & Laff. & 
Phytophthora erythroseptica Pethybr. 

Shanking disease of tulips, so called because it attacks the basal part of the 
flower stalk, was first discovered in Britain in 1928, and has not been recorded, so 
far, outside this country 

It occurs on forced, glasshouse tulips and does not ordinarily attack the bulbs 
in the open, probably because of the lower temperatures. Enormous losses are 
often incurred by commercial growers and entire houses of several thousand bulbs 
may be ruined by this disease. 

Suspicion of the trouble is first aroused when the growing plants, to all appear- 
ances a healthy crop, are slow in producing blossom. In other cases, when flower 
buds have appeared, they either fail to open or soon perish after partially opening, 
the stalks drooping over because of contraction or wrinkling of the tissues at the 
base (Fig. 405). But ‘ shanking ’ is not the only symptom of the trouble and closer 
examination of the beds may reveal gaps or misses indicating complete failure of 
the bulbs to grow, or other bulbs may produce only short young shoots which can 
be twisted out readily from the bulbs because of the rot at the base. Diseased 
plants also frequently show a tinge of red colour at the tips of some of the leaves, 
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Fig. 405. — Shanking of tulip {Phytophthora cry- 
ptogea and Phytophthora erythroseptica.) Ay 
tulip with shrivelled flower and poorly de- 
veloped, fading foliage ; the bulb is cut to 
show the rotting of the basal plate. By bulb 
planted in contaminated soil, showing pro- 
gress of the rot from the roots into the flower- 
ing shoot, but the old bulb scales are not 
attacked (photos by Buddin, Ann. App. 
Biol.) 


followed by the usual symptoms of 
shanking. When affected bulbs are 
lifted most of the roots are yellow and 
dead from the tips up, and with the 
access of secondary organisms the dead 
root stumps turn a dark-brown colour. 
Cutting the bulb in half will show 
much discoloration in the flattened 
disc plate as well as in the base of the 
flower stalk, and sometimes, but not 
commonly, the discoloration may ex- 
tend into the bases of the scale leaves. 
But quite often, though the base of 
the flowering shoot may be completely 
rotted, the scales escape the rot en- 
tirely, and such bulbs may actually 
yield a number of bulbils which may 
or may not become infected from the 
parent bulb 

Shanking is caused by two species 
of Phytophthoray namely P. cryptogea 
(already described in connection with a 
foot rot of tomato, p. 664) and P. ery- 
throseptica (also described as causing 
pink rot of potato, p. 509) These 
parasites may occur singly or together 
and it is difficult to state which is the 
commoner agent causing this disease. 
Sometimes a species of Pythium is also 
implicated ^3)^ but it does not appear to 
play so important a part as either of the 
Phytophthoras. 

The resting oospores of both these 
parasites are produced in the dead 
tissues of the host and upon dis- 
integration of the rotted bulbs the 
spores are liberated into the soil. Pre- 


sumably, new infections take place 
only from this quarter. When cultures 
of the organisms are mixed with soil the disease is produced on planted bulbs, 
and there is abundant evidence that both fungi can exist in a virulent condition 
in the soil from one season to the next <2). in the case of tomatoes attacked by 
P. cryptogea, oospores left in the soil will attack tulips grown in the same soil. 
There is no evidence that the planting of infected bulbs is responsible for wide- 
spread infection in ordinary glasshouse practice ; it was found that from the 
planting of one or more inoculated bulbs in the midst of healthy ones the rate of 
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spread was comparatively slow, but the trouble may be carried over in any way 
that ensures retention of contaminated soil, such as using dirty boxes in which 
clods of soil had collected from diseased bulbs. 

Infections by the organisms, acting separately or together, follow much on 
the same lines, and presumably from the germination of the resting oospores in 
the soil the first parts to be attacked are the roots. Starting at the root tips, in- 
fection spreads into the stem disc and up the flowering stem, but extension into 
the neck is only for about a distance of an inch or so, and only at an advanced 
stage of the disease, if at all, do the scale leaves become infected. Entry into 
the bulb may also be made through wounds but there is no evidence that direct 
infection can occur through the shoot above the neck of the bulb. A temperature 
of 25° to 27*5° C. is most favourable to the progress of the disease. 

Most of the popular varieties of tulips are susceptible to the disease, William 
Pitt and William Copeland being particularly so, followed closely by Rose Cope- 
land and Bartigon ; Pride of Haarlem and Madam Krelage are less susceptible, 
while Clara Butt is relatively resistant. The varieties Vermilion Brilliant, White 
Swan, White Hawk, Double Early Tea Rose, are all susceptible single varieties. 
The out-of-door May -flowering cottage tulip Inglescombe Yellow is very 
resistant. 

To check the trouble, diseased bulbs should be removed and destroyed. 
About a fortnight before planting, the soil should be treated with a 2 per cent, 
solution of formalin. The temperature of the glasshouse should be kept as low as 
possible without injury to the plants and too great humidity should be avoided 

1. Buddin, W. : 1938. Ann. App. Biol, xxv, 705. 

2. Foister, C. E. : 1930. Grdnrs\ Chron. Ixxxvii, 17 1. 

3. Moore, W. C., and Buddin, W. : 1937. Ann. App. Biol, xxiv, 752. 

4. — i939« Minis. Agric. Bull. 117, 31. 

5. Pethybridge, G. H., and Lafferty, H. A. : 1919. Sci. Proc. Dub. Soc. xv, 487. 


Tulip Fire, Botrytis tulipae Lind 

This disease is very common on cultivated tulips and it also attacks the wild 
species Tulipa sylvestris, but no other plant. ‘ Tulip fire ’ has been known for 
over a century but it was not until 1888 that it was first described, in Italy ^5). 
Its occurrence in England was noted in the same year, and again in 1900 in 
Herefordshire It was found in America in 1902, on material believed to have 
been imported from Holland The disease now occurs extensively in the 
United States, Canada, and throughout Europe. 

In some years the trouble is accountable for heavy losses in the tulip industry ; 
in 1927 and 1928 fire blight was so severe in West Cornwall that the growers were 
unable to market the bloom The disease affects the leaves and bulbs as well 
as the flowers ; the bulbs fail to fill out owing to impoverishment of the leaves, 
and in severe attacks gaps in the beds indicate complete destruction of bulbs 
below ground. 

A cold, wet spring is generally regarded as being favourable to the disease and 
epidemics are encouraged during periods of high rainfall. 
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Fig. 406. — "Tulip fiVQ {Botrytis tulipae). Severely diseased leaves 
and bloom. Inset, the conidial fructifications on leaf lesions 


The fungus causing tulip 
fire was first named Sclero- 
tium tulipae owing to the 
prominence of black sclerotia 
on the bulbs, but on the 
discovery of a .Bo/ry/w-stage 
in the life-history the fun- 
gus was renamed Botrytis 
tulipae The my- 

celium of B. tulipae often 
shows considerable anasto- 
moses and in the bulb scales 
the vascular bundles are 
markedly disrupted follow- 
ing infection. The conidio- 
phores arising directly from 
the mycelium are erect, 
brown, twisted at the base, 
and proliferate to form 
repeated crops of conidia 
which are liberated along 
with their sterigmata (Fig. 
408). The conidia are 
formed on the leaves, flowers, 
stalks, and capsules, but 
never on the bulbs They 
are obovate, reddish brown 
in the mass, grey to hyaline 
singly, and fairly large, 
measuring, according to 


various authors, 12 to 24 by 10 to 20 or, 10 to 15 by 6 to 91 /x ^3) ; or, 2 to 22 by 8 to 


13 /X Smaller microconidia, globose, 3 /x in diameter, occurring on special penicillate 
conidiophores arising in white tufts from the substratum, are also found Sclerotia 


appear on moribund tissues in the bulb scales and base of the flower stalk, but not if 


atmospheric humidity is low ; on potato-dextrose agar they develop after the mycelium 
has become adpressed to the surface ; at first white, sclerotia are finally black, rather 
small, I to 2 mm. in diameter, circular or elliptical in outline, flattened, often convex 
The fungus thrives at comparatively low temperatures and sporulation does not occujr 
above 25° C. ; at higher temperatures the low humidities prevailing are probably a limiting 
factor in infection ^3). 


Tulip fire appears on the green leaves as grey, sunken spots of variable size 
and shape, each spot being surrounded by a darker, water-soaked area, and towards 
the centre abundant conidiophores with conidia are early produced (Figs. 406, 408). 
These primary lesions enlarge quickly in wet weather, often uniting so as to cover 
the whole leaf, which wilts and finally appears as if scorched, hence the name ‘ fire 
blight ’ commonly applied to the disease. In dry weather affected leaves are liable 
to split and tear at the tips, becoming much lacerated b)^ wind action, and as any 
of .the broken parts may be covered with conidia when damp conditions return, 
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much infection is conveyed by wind to neighbouring plants and beds. If the 
lesions occur towards the base of the leaf stalk the lamina usually falls over and 
withers on the ground. 

Conidia carried by wind or in rain-drops splashed from the primary fire lesions 
are accountable for extensive secondary infections of near-by plants. The leaves 
of plants secondarily infected do not, however, develop the large grey spots but 
merely become flecked with small, dry, slightly depressed spots of a yellow-white 
or greyish-white colour furnished with a border of darker green than the surround- 
ing tissues. Apparently there is so little mycelium in the leaf tissue below these 
small secondary spots that they do not appear to spread and they do not usually 
give rise to conidia, possibly because the mycelium below them has, through the 
action of some undetermined factor, been killed or checked in its growth. On 
very rare occasions, however, when these small spots have actually yielded conidia, 
sclerotia have been found to follow them, but only after the death of the leaves. 
On the blooms the symptoms resemble the fire lesions on the foliage, and the vSpots 
may occur on the unopened flower buds or on the expanded petals (Fig. 407 b). 
The greyish lesions spread quickly and entire buds or flowers may be ruined in a 
short time. These lesions on the blooms sporulate so freely that affected flowers, 



Fig. 407.— Tulip fire {Botrytis tultpae). A, primary infection m variety William Pitt (photo by 
Dillon Weston). blister spots on the bloom. C, bulb showing sclerotia (photos by 
Beaumont) 
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elevated on their stalks, are a 
prolific source of infection in the 
beds. Two other kinds of spots 
may also occur on the flowers. 
One, a small white spot type 
(producing a striking effect on 
red tulips), resembles somewhat 
the small blemishes of limited 
growth seen on the foliage leaves 
and, like them, remains small 
and non-sporulating : the second 
kind consists of larger, white, but 
spreading type of blister-like spots 
each surrounded by a raised, 
wrinkled margin (Fig. 407). In 
a damp atmosphere the blisters 
sporulate freely and this serious 
phase of the disease accounts for 
very heavy losses in flowers packed 
in boxes for transit. Under such 
enclosed humid conditions, ideally 
maintained within the unexpanded 
blooms, the fungus spreads to the 
stamens and pistil, and in this way 
the young capsular fruits and even 
the seeds may become infected. 
On the flower stalks the lesions re- 
semble those on the foliage leaves 
but are smaller and elongated, and 
towards the base of the stalk, that is, close to the bulb, the lesions may contain 
black sclerotia. It appears that sclerotia are very rarely found on decayed leaves 
in the field 

On the bulbs themselves, the lesions are confined mostly to the outermost 
scales. The bulb lesions are yellow or brown sunken areas containing a few or 
numerous sclerotia, which sometimes may be so abundant as to form a continuous 
crust covering the bulb (Fig. 407 c). Sclerotia may appear on both surfaces of the 
discoloured and decaying scales. The roots are not affected. The presence of 
the disease on the outer scales may or may not involve the inner scales. Unless 
the season has been continuously wet the disease is usually confined to the outer 
scales, and if affected bulbs are lifted with a good deal of adherent soil, which, 
with the outer scales, is carefully removed, the inner scales are usually found to 
be entirely free from disease, but in a wet season whole bulbs may be destroyed 
There is yet another and distinct form of this disease which may or may not 
be accompanied by the various types of spotting of the foliage and flowers described 
above. In this case the tulip plants are dwarfed, there is a general wilting and 
softening of the leaves, and no flowers, or only a few small ones, are produced. 



Fig 408 — Botrytis tuhpae The sympodially branched, 
curved conidiophore , portion on left showing the 
minute stengmata on the swollen terminations of 
the sponferous branches , on right, mature conidia 
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When the bulbs of these sickly plants are lifted, their scales are found to be covered 
with black sclerotia and in severe infections of this kind no new bulbils are formed. 
This severe type of bulb rot, however, is not common, and is believed to follow 
only when the bulbs are injured, or as a result of unusually heavy infection 

B, tulipae is capable of hibernating both as mycelium and sclerotia in the scales 
of dormant bulbs, or as sclerotia liberated into the soil when the bulbs are left to 
decay. It is probable that true primary infections are traceable to germinating 
sclerotia in the soil and experiments have shown that tulip fire may start afresh 
from this source When the bulbs begin to grow, the first infections usually 
occur on the emergent neck, and in the case of bulbs already infected the fungus 
may spread through the entire outer scales, but it is not usual for the reviving 
fungus to penetrate from the outer infected to the inner healthy scales. These 
initial infections arise on the young shoot, during emergence, from contact of the 
shoot with, and penetration by, the revived mycelium sent out from the outer 
scales, and as only the outer parts are penetrated the rest of the shoot grows out, 
as yet unaffected. With the development of the fungus in the outer tissues of the 
neck it is not long, however, before conidiophores carrying their first load of 
conidia emerge through the stomata in this region, above soil-level, and when the 
spores are carried by wind or in splashing rain-drops to the expanding green shoot 
leaf infections quickly follow. Thus, the fire blight spots on the leaves arise from 
external infections. When sound bulbs are planted in soil contaminated with 
sclerotia, penetrations take place when hyphae from germinating sclerotia attack 
the young shoot as it emerges from the bulb (not through an outer scale, unless 
wounded) and thereafter the progress of infection is the same as described above. 
In severe infections, when the entire emerging apex is penetrated at various points, 
the whole young shoot is usually destroyed before it appears above ground. This 
serious phase of the disease accounts for bulb rot and gaps in the beds. 

At the close of the season the proportion of new bulbs found to be affected is 
generally small and, as already stated, even if the outer scales are diseased, the 
new bulbs formed around the base of the flower stalk usually remain clean. In 
a wet season, however, conidi^ may be carried, perhaps washed down by rain 
from badly diseased tops to the bulbs, and by infecting the scales produce mycelium 
and sclerotia 

Much can be done to avoid outbreaks of tulip fire by attending to cultivation \ 
No bulbs showing any blemishes on the scales should be planted and planting 
should be deeper than customary, setting the bulbs more apart than usual, care 
being taken not to damage the neck tissues If possible the beds should be 
given over to rotation and contaminated soil should not be used for tulip bulbs 
for at least two years, after which it may be assumed that all sclerotia have been 
starved out Growers who spray the foliage usually perform the treatment in 
early spring Good results, with little danger from spray injury, are recorded 
by the use of potassium sulphide with resin, prepared in two lots : (a) by dissolving 
4 lb. flowers of sulphur in a hot solution of 5 lb. caustic potash in 10 lb. water, and 
(b) heating 4 lb. pine resin with 2 lb. caustic soda in 10 lb. water, mixing equal 
parts of these, as required, using for the spray a dilution of o*8 per cent, of the 
mixture Another method is to steep the bulbs in 2 per cent, formaldehyde 
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or 0*03 per cent, solution of mercuric chloride, or 0*5 per cent, uspulun solution, 
before planting Careful watch should be made of the beds in early growth, 

and any plants suspected of disease should be removed, together with some of the 
soil around them, for it is from such individuals here and there in the beds that 
infection is spread. Should a large number of the bulbs show early infection it 
may be found advisable to lift the entire planting, selecting only the clean bulbs 
for resetting in a fresh bed. All tulips are T^ot attacked by fire blight to the same 
degree ; in Devon and Cornwall, the variety Baronne de la Tocnaye appears to 

suffer less than the widely grown Darwin varieties, William Pitt, William Cope- 

land, and Bartigon, and these observations appear to be true for all districts 
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Tulip Breaking 

* Breaking ’ of tulips is believed to be the oldest of all known virus diseases of 
plants. It is so named because of the effect it produces in disturbing the natural, 
uniform colouring of the flowers. All varieties of tulips are affected. Narcissi 
and hyacinths are also susceptible and both become definitely more diseased than 
tulips The disease is widely distributed in Holland, France (believed imported 
from Holland), Belgium, the British Isles, and the United States, and probably 
occurs wherever tulips are grown 

Whilst the virus is not lethal to the plants, infection has a weakening effect, 
and in an unfavourable environment, or when growth conditions are poor, infected 
plants are always the first to suffer from a deterioration and loss of the bulbs 
Nevertheless some of the earlier growers, ignorant of the true nature of the disease, 
who noticed that an attractive variegation sometimes developed in a number of self- 
coloured tulips, discovered that the ‘ symptoms ’ could be induced by grafting healthy 
tulips on to the bulbs of the ‘ new ' flowers, often with the desired results. But some- 
times the infective principle appears to be localised, so that a ^ broken * bulb may have 
‘ unbroken ' parts, and the latter may give rise to healthy offsets, and vice versa 

The effect of the virus in the plant is either to remove, or augment, or sometimes 
to rearrange the anthocyanin pigments in various parts of the epidermis of the 
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Fig. 409 — ‘ Breaking ’ of tulip Left to right, ‘ clotted break ’ (Isis) ; ‘ full break ’ (Bartigon) , 
‘ self break ’ (Bartigon), light , ‘ self break ’ (Bartigon), heavy (after McKenny Hughes, Ann. 
App. Biol.) 


flower, so that a variegated pattern is produced The effects could not, 

of course, be expected to be always identical, and three or four more or less dis- 
tinctive types of ' breaks ’ (Fig. 409) are now recognised : 

(a) Full Break : when the natural colouring of the ‘ breeder ’ is removed, so 
as to give place to the yellow or white colour of the mesophyll, which 
becomes the dominant colour of the flower ; 

{h) Self Break : when the colour of the ‘ breeder ^ becomes darker, or intensified 
into darker streaks or stripes ; 

(r) Clotted or Clotting : when, in dark-purple or dark-red shiny varieties, which 
never show the ‘ full break the self colour is intensified in streaks and 
patches ; and 

{d) Typical Break, or Average Break : a condition which is characteristic of 
commercial Rembrandts where the balance between epidermal pigments 
and exposed ground colour (white or yellow) produces a ‘ flashy * or ‘ flag ' 
break. The usual colour of the flower is intensified in some areas, un- 
changed in other areas, and is removed in still others Clearly (c) and 
(d) deal with closely parallel effects. 

In some varieties of tulips, not in all, the virus also induces a mottled or striped 
effect in the green leaves. Sometimes this may be very slight or indistinct and 
consist of spots or streaks of a silver-grey to a light-green colour ; in other cases 
the effect becomes more conspicuous as the affeCted parts lose their chlorophyll 
and the leaf becomes more or less transparent, loses turgor, and develops a tough 
texture Affected bulbs do not proliferate so freely and the plant comes into 
full bloom a week or so later than the ‘ breeder ’ 

The virus of tulip ‘ breaking ’ is named Tulipa virus 1 Smith em. Brierley 
& F. F. Smith 1944 ; Tulip * break * virus and Tulip mosaic virus appear to be 
synonyms *5). Jt is not clear, however, whether ‘ breaking ^ should be 

regarded as a ‘ composite ’ disease due to two viruses, one tending to add colour 
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to the flowers, and the other to remove it, but recent investigations support the 
so-called ‘ antithetic ’ virus theory, applied to two naturally associated viruses 
to connote differences in the symptom-picture which relate to some inherent 
antagonism between the two viruses. Accordingly the antithetic viruses of tulip 
‘ breaking ’ are Tulip virus i and Tulip virus 2, with the following properties : 

Virus I : colour removing ; inhibits chlorophyll formation ; retards growth ; 
more virulent than Virus 2, being directly responsible for actual disease in 
the plant ; it reduces plant growth to one-third of the normal. 

Virus 2 : colour adding ; has no effect on the ground tissue of the flower, or 
on the ground colour ; has no visible effects on the leaves, and little on the 
growth. That Virus i has proved to be dominant indicates that the differences 
between the two is of a higher order than that of ‘ strains ’ 

While it is understood that ‘ full break ’ results from the presence within the 
plant of the two viruses, there is clear evidence that the symptoms of ‘ self break ’ 
can be transmitted separately, for the insect vector implicated is able to ‘ select ’ 
from ‘ full break ’ tulips the infective principle which, when transmitted to healthy 
tulips, produces ‘ self break ’ alone. Such ‘ self break ^ tulips can then only 
transmit ‘ self break ’. There is, however, no evidence of the transmission of a 
second virus alone, and ‘ full break ’ is comparatively constant ; but ‘ self break ’ 
is apparently not so stable, as in some instances it has reverted to normal. There 
is evidence that some varieties of tulips are more susceptible to attack, and that 
some carry the virus in a more virulent form The present position with 

regard to tulip viruses is, however, not clear. The plant is susceptible to attack 
by several viruses which apparently form a group of closely related strains 

‘ Breaking ’ is transmitted by insect agency, the vectors being Myzus persicae 
and Macrosiphum ^ei in the glasshouse and out of doors, while Afiuraphia tulipae 
is a vector in the bulb store, but not on the growing plant ^7, 15), It can also be 
transmitted by grafting and plugging bulbs with tissue from ‘ broken ' bulbs, but 
is not conveyed in the true seed (Fig. 173). Artificial inoculation with a hypo- 
dermic needle can be performed with juice expressed from tulip stems and leaves, 
filtered through cloth, and diluted to i part in lo or 20 with sterile distilled water ; 
inoculations can be made into stems while the plants are in bloom or shortly 
after 

The disease may be kept under control by roguing of infected bulbs, and it is 
of first importance to destroy the insect vectors by fumigation of the glasshouses. 
Lifting and storage of the bulbs should be carried out under aphis-free conditions 
in the autumn 
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Downy Mildew of Hop, Pseudoperonospora humuli (Miy. & Tak.) Wilson 

Downy mildew of hops was first recorded in 1905, in Japan ^^7)^ on native wild 
and cultivated hops ; in North America in 1909 ^7) ; in England on a small scale 
in 1920, but not in commercial hop gardens until 1924 It was fairly 

general in Europe by 1920 and is now widely distributed in all hop-growing areas, 
causing severe damage to the crop. The disease has been extensively studied in this 
country by Salmon and Ware ^^9 32, 34, 35)^ ^nd in Czechoslovakia Commercial 

losses are gauged on damage to the ‘ burrs * or ‘ cones and extent of infection may 
vary from mere discoloration of the hop cones, which renders them unsightly and 
unmarketable, to the total destruction of the bines through disease. Some growers 
pick the cones before they are mature, in order to avoid discoloration, but as this 
practice entails an appreciable reduction in the weight of the crop, the immature 
hops being also less rich in brewing properties, it is quite a common experience to 
suffer a 25 per cent, loss through early picking 

In March or April, when the normal young green bines are emerging from the 
crown or root-stock, the disease is known to be present if amongst these healthy 
slender shoots there arise a number of dwarfed thicker shoots, pale green or silvery 
grey in colour, and varying from a few inches to a foot or more in length (Fig. 410). 
These thickened shoots are invariably infected, and are known as ‘ basal spikes \ 
Later in the season some of the thin and apparently normal healthy stems, which 
may have grown as high as 5 to 14 feet, become checked by the formation of 
thickened extremities, or ‘ terminal spikes ’ as they are called. Furthermore, in 
some cases similar hypertrophied shoots, a few inches long, may also be seen 
growing as lateral branches on the otherwise normal and healthy main stem, and 
are called ‘ lateral spikes ’ Thus there are three positions on the plant where 
the thickened abnormal shoots occur, basal, terminal, and lateral ; all these 
spikes are infected. Such attacked bines lose their twining habit and are difficult 
to train 

The early formed basal spikes bear reduced, brittle leaves growing close to- 
gether. These leaves are grey on the upper surface, but on the under side, as well 
as on the surface of the stem, there are dense masses of dark-coloured spores and 
sporangiophores of the mildew causing this disease. These spores, dispersed by 
wind or splashed by rain, bring about secondary infections of the more or less 
expanded leaves of healthy shoots. On the leaves, the resulting spots are dark 
brown above but paler on the lower surface, and characteristically angular in 
shape. The spots may join together to form large patches, and it is then, when 
the sporangiophores are massed together, that the under side of the affected leaves 
becomes blackish grey, or sometimes tinged with violet, especially along the 




Fig. 410 — Downy mildew of hop {Pseudoperonospora humuli) Ay plant showing the normal, thin 
shoots, and infected, thick, short ‘ basal spikes ’ at the base By a normal bine C, a basal 
spike. Dy Ey two infected ‘ cones ' showmg dark infected scales (photos by Ware, Wye 
Reports) 


flanks of the midrib, and along the margins of the leaves, which later turn brown 
and shrivel. The hop ‘ cones ’ may also be attacked. The cones, the female 
inflorescences of the plant, consist of a number of stipular bracts and bracteoles, 
both of which become large and membranous, and are covered with yellow glands 
which secrete lupulin, to which the hop owes its brewing properties. The bract- 
eoles are usually attacked first, turn brown, and give a striped effect with the 
alternating stipules which remain green ; but they, too, turn brown later and the 
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entire cone becomes worthless. The cones are attacked mostly as they approach 
maturity and suffer little damage to their brewing properties in late attacks, but 
earlier attacks are naturally destructive to the lupulin glands and heavy losses are 
incurred 

Downy mildew is caused by Pseudoperonospora humuli, a member of the Perono- 
sporales (Fig. 41 1). The sporangiophores, from 100 to 450 fi long, develop in subdued 
light (they emerge at night) and are violet-black in the mass ; they are aseptate and 
branch three or four times in dichotomous fashion before forming the ultimate branches, 
thin and pointed, bearing the oval, thin-walled, papillate sporangia which range from 22 to 
26 by 15 to 18 jLt With a high degree of humidity (65 to 95 per cent.), sporangia are 
viable for some 30 days and are not killed by freezing water. They germinate by the 
production of zoospores, the activity of which depends largely on temperature, lasting for 
24 hours at low temperatures of 4"^ to 7° C. and from 2 to 6 hours at 20° to 22° C., but only 
some 25 minutes at 30° C. ; germination was improved when calcium citrate or a hop 
leaf was added to the water In early autumn, oospores may be found in the diseased 

tissues of practically all parts, in the leaves, stems, spikes, and the cones ; they are round, 
smooth, light brown and thick-walled, from 36 to 40 /x in diameter ; the presence of 
antheridia has not been determined but the oospores are enclosed within oogonia which 
vary from 40 to 50 /x wide. The 
oospores germinate at 20° to 
22° C., producing a hypha which 
hears a much larger sporangium 
than the ordinary kind and which 
gives rise to more and larger zoo- 
spores, 40 to 60 as against 5 to 
12 for the ordinary sporangia 

With the decay of infected 
parts, the oospores are released 
into the soil and are believed 
to be responsible for carrying 
over the disease from one 
season to the next. There are, 
however, conflicting reports as 
to their capacity for resisting 
desiccation. It is stated that 
while they may persist for years 
in the soil under ordinary con- 
ditions, they did not survive 
after being kept dry for 4 
months in the laboratory 
but oospores which were 
picked from pressed herbarium 
material, 2 years old, germin- 
ated after being ground with 
a pestle and mortar an 
operation which, by causing 



Fig. 41 1. — Pseudoperonospora humuli. A, sporangiophore. 
B, two oospores ( x 250), from infected leaf ; 1-5, stages 
in formation of zoospores within a sporangium ; 5, zoo- 
spore just prior to infection of hop leaf or cone ( x 562) 
(after Salmon & Ware, Wye Reports) 
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the tough wall of the oospores to crack, possibly induced the spores to germinate ; 
and the oospores are also reported to have survived dry storage for 2 ^ years at 
laboratory temperatures, and even as low as - i8° C. 

Primary infections, by zoospores produced by the germination of resting 
oospores in the soil, in the spring take place only under wet conditions and are 
directed against the young buds emerging from the crown. First infections of 
healthy plants are external, at or near soil -level, through the stomata, which are 
entered by the zoospores Shoots thus infected are retarded in growth and 
become the basal spikes above mentioned ; those not infected, despite possibly 
close contact with them, grow forward as healthy bines. It remains, therefore, 
difficult to explain how some of the latter, several feet long, sometimes come 
to possess diseased spikes at their tips, well clear of the ground. Though there 
is abundant evidence that the fungus, besides entering the basal spikes in the 
manner described, later invades and persists during the winter in the underground 
parts of the hop, in one-year parts of the root-stock (crown), in nursery ‘ sets *, 
and even in the roots, it appears that such resting mycelium is not continuous 
from below, through the thin climbing bine to the thicker apical and lateral spikes. 
Though infection of the root-stock is by no means general (and setting aside for 
the moment the probability of infection by oospores), it is not unreasonable to 
suppose that the first spikes of the season, that is, the basal ones, may become 
infected by the migration of hibernating mycelium from the root-stock into the 
buds which produced them. It was once held that the apical and lateral spikes 
might also be infected in the same way, but it is characteristic of the disease 
that infected buds make little headway and are effectively ‘ spiked \ How, then, 
are the long, more or less normal internodes of these affected bines to be accounted 
for if eventually they come to develop apical or lateral spikes, since it has been 
established that there is no continuity of mycelium from crown to spike ? There 
are several suggestions : (a) that the resting mycelium had already invaded a bud 
which had started growth and, carried up by the rapidly elongating bine, the 
mycelium got left behind in small portions at certain nodes or, making a complete 
break at the base, got carried up with the bud in its entirety ; this view is now 
considered unlikely, despite the fact that a shoot can often make considerable 
growth after it has become internally infected and before it becomes definitely 
spiked, but there is no direct evidence that bines over two or three feet high, 
ending in terminal spikes, can carry internal mycelium from the start ; (6) that, 
following upon a number of independent penetrations by zoospores, the mycelium 
developing at each of these separate points remained separate in the stem and 
capable of setting up distinct infections of, say, the lateral branches, resulting in 
the formation of lateral spikes ; (c) a modification of the foregoing, that whole 
intemodes might have been internally infected when young, but that, by dint of 
very rapid intercalary growth, the mycelium got torn apart in places and came to 
reside in separate units of the stem ; and (rf) the most feasible explanation, that all 
three types of spikes, the basal, the terminal, and the lateral, arise following upon 
infection when in the bud stage. This receives its strongest support from the 
fact that young buds yield readily to external infection by the application to 
them of a suspension of zoospores. Spraying a water suspension of zoospores 
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on to the elongating buds sets up infection in the protective stipules and these 
rudiments soon become covered with conidia before the latter appear on contiguous 
leaves. Infection may or may not reach the petioles of the leaves, but if it does it 
is conceivable that, starting from an apical bud at the end of a main stem or lateral 
branch, the fungus developing from the applied zoospores may spread downwards 
through several internodes, but not, however, to reach as far down as the crown 
( 8 , 35) j this downward method of infection would, therefore, explain the lack of 
continuity between mycelium in the bines and mycelium in the crown. 

The mycelium within diseased shoots of all kinds occurs mostly in the pith, 
and from the tissues of the crown (root-stock) it may extend into recent one-year- 
old parts of the root-stock and deeply down into the underground parts of the 
plant, even into the roots (Fig. 98). In a longitudinal section of a hypertrophied 
shoot the fungus in the cortex and pith of the stem may be seen to invade the 
petiolar tissues to occupy the lamina from base to apex ; the axillary buds are 
likewise invaded, even to the tips of every scale leaf. In the stem it traverses 
the phloem, travelling radially by means of the medullary rays, browning all the 
tissues in its path, those of the woody cells included. The mycelium is furnished 
with haustoria, especially in the phloem region It is recorded that when a 

sixteen-node bine with a terminal spike was examined, up to the tenth node was 
healthy, but from the eleventh node up, which constituted the ‘ spike ’, the tissues 
were infected, and the internodes of this region were considerably shorter than 
those below. Occasionally, at a node, one leaf of a pair or a lateral may be infected 
and bear sporangia, while the opposite leaf or lateral may be free Oospores 
may be formed in any of the alfected parts, even in the bracts of the cone, and are 
especially abundant in the dead leaves and in the pith of the stems. When coty- 
ledons of young hop seedlings were inoculated with fragments of infected leaves, 
oospores were found in these organs as well In British Columbia experiments 
on seedling infection showed that it occurred at or below soil-level, the cotyledons 
being penetrated first, the fungus thereafter causing systemic infection 

Periods of high rainfall and high atmospheric humidity during the growing 
season are highly conducive to downy mildew of hops, and are most closely cor- 
related with incidence of infection With humidities of 90 to 100 per cent, 
the incubation period is about 6 days at temperatures of 20^^ to 22° C., but is re- 
tarded in dry weather and at low temperatures of 6 "" to 7° C. 36) Experiments 
in Czechoslovakia showed that infection by zoospores occurred at 16^' C. and 
upwards, and it is believed that spring infections result from oospores 

Infected plants have a higher percentage of nitrogen and phosphoric acid, but 
less potash and lime contents, than healthy plants. The application of potash and 
lime is said to decrease the susceptibility to mildew, the reverse being the case 
with phosphoric acid and nitrogenous substances 

No variety of cultivated hop is immune from downy mildew. Tolhurst, 
Bromling, and Prolific are susceptible and the once resistant Fuggle is now in 
most districts liable to severe attack, more so on leaves and stems than on the cones. 
The cones of Fillpocket and Early Promise show marked resistance <32) 

Removal of the thick basal spikes as they appear during the season will reduce 
the spread of infection, since they have been shown to be the principal source of 
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the mildew. When they are very prolific their constant removal often causes a 
serious shortage of bines for training, and entire plants have frequently to be cleared 
from the hills. If terminal and lateral spikes appear they should be cut off and 
healthy laterals should be encouraged for training. To reduce the risk of secondary 
infections from below, the leaves should be removed from the bines, in stages, up 
to the ‘ breast wire ’. 

Good control is obtained by spraying the bines with 10 : 10 : 100 Bordeaux 
mixture ^2. 10, 26) . when the bines are three-quarters way up the poles ; (b) when 
they have reached the top ; (r) just before the plants come into ‘ burr ’ ; and 
(d) immediately after the ‘ burr ' has gone, when the hops have set. No spraying 
should be done when the hops are in ‘ burr ’ Some growers employ the mixture 
in dust form (copper sulphate 16, hydrated lime 100 parts, at rate of i oz. per 
hill) ; the soil around each hill is turned back so that the young shoots can be 
cut close to the crowns and the powder is then applied evenly on and around the 
crowns, which are partially covered again with soil. The treatment is said to 
reduce the number of basal spikes 

All prunings and cones should be removed and burned. Sets from infected 
gardens should not be used to start a new crop and all wild hops in the vicinity 
should be grubbed out and destroyed. 
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Powdery Mildew of Hop, Sphaerotheca humuli (DC.) Burr. 

Mould or po’wdery mildew is a serious disease of hops. It is caused by a 
specialised race of Sphaerotheca humuli (Erysiphaceae). Other races of this fungus 
attack raspberry and strawberry, in each case affecting the leaves and rendering the 
fruit small and worthless 2, 4, 3-10)^ 

The mildew first appears in May or June, on young leaves, petioles, and 
tender stems, as white patches which early become covered over with powdery 
masses of conidia. The flowers are especially susceptible, and infected ‘ cones ' 
are useless for brewing purposes ; the latter are frequently covered with the red 
cleistocarps of the fungus and the term ‘ red mould ' is often given to this stage 
of the disease. 

First symptoms of infection on the leaves consist of small raised blisters, hardly 
discernible because of their green colour, but after a day or two each blister de- 
velops on its surface a white mycelium which branches and radiates in all directions 
but remains entirely superficial except for small haustoria established in the 
epidermal cells. 

The fungus increases on the surface to form a web of mycelium from which dense 
formations of conidiophores bearing conidia develop. The latter are oval and unicellular 
and serve for rapid propagation of the fungus during periods of warm, moist weather. 
They are not adapted for survival through the winter. The cleistocarps are developed 
later, on leaves and ‘ cones and may pass the winter whilst still on the bines, or more 
commonly on the fallen leaves and shattered cones on the ground. The reddish cleisto- 
carps are scattered or crowded, and measure from 58 to 120/x in diameter ; the long 
appendages, straight or twisted, are dark brown in colour ; the single ascus is broadly 
elliptical to sub-globose, 45 to 90 by 50 to 72 /x ; the 8 ascospores measure from 20 to 25, 
rarely 30 by 12 to 18 /x (mean, 22 by 15 /x) A winter resting period of the ascospores 
within the cleistocarps appears to be essential for their successful germination 

The ascospores are responsible for primary infections, the conidia for secondary 
infections, and both produce germ-tubes with appressoria at infection. Depending 
on the wetness of the season, leaf spots may appear in 5 days to 3 weeks from 
infection by ascospores, and after the first appearance of conidia on the leaves 
widespread secondary infections follow in about 10 days. In wet periods entire 
bines with flowers and ‘ cones ’ become rapidly infected. The cones are attacked 
in the inflorescence stage, at a time when the tiny female flowers are exposing 
their stigmas for the reception of pollen, in which condition the young cone is 
known as a ‘ burr Carried like pollen by wind, the conidia are caught up and 
germinate on the stigmas. The fungus may travel so rapidly in the flowers as to 
inhibit further development, and in place of the normal fruits or cones there are 
formed only hard knobs, and after an attack of this kind the cones are worthless. 

2F 
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The burrs can also be attacked, with less serious consequences, through their 
stipular bracts and bracteoles, in much the same way as leaves. 

Different varieties of hops vary in susceptibility to mildew and ‘ immune ' 
kinds may sometimes show slight susceptibility, when submitted to a change of 
environment, without, however, the general immunity being lost Experi- 
ments at East Mailing in 1945 on a number of new seedling hops revealed the 
interesting feature that there appeared to be a tendency for heavy and poor crop- 
ping to be associated with a high and low incidence of the disease, respectively. 
But amongst the seedlings which kept free from mould some proved to be heavy 
croppers and of distinct commercial promise ' K 

Good control over the disease may be obtained by dusting the bines with 
sulphur. The first application is usually made in May (when the ascospores are 
about to appear), preferably before any spots have begun to appear. The leaves, 
especially those at the base of the bine, should be well dusted over, and the dusting 
should be repeated every fortnight until the hops are approaching maturity. All 
diseased bines and cones should be collected and destroyed and any runner 
shoots and unwanted laterals removed. A balanced manurial treatment (see 
downy mildew, p. 883) should be planned and heavy nitrogenous fertilising 
avoided. 
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DISEASES OF TREES 


Watermark Disease of Willow, Bacterium salicis Day 

This bacterial disease of the cricket-bat willow {Salix alba var. caerulea) causes 
a brown, watery stain in the wood and renders the timber quite unsuitable for 
processed work It was first observed in England in 1921, in the Chelmer 
Valley, and has been extensively studied in this area by numerous investigators 
(2, 3, 4, 9, II), trouble has since spread to Essex and Hertfordshire and is 

present also in Cambridgeshire. The white willow {S. alba) is also susceptible 
and the crack willow {S, fragilis) is occasionally subject to the watermark disease ; 
in Holland, S, amygdalina and S. purpurea suffer from what appears, with slight 
differences, to be the same disease 

Watermark disease is rarely seen on trees less than three years old. In general 
the symptoms are those of a partial die-back of the crowm, starting, in Britain, 
during the late spring and apparently ceasing during the summer, continuing 
again the next year ; but in Holland these symptoms are prolonged until September, 
due probably to the continuance of conditions favourable to the disease. In 
Britain the trees are affected much more severely in riverside plantations and in 
damp, riverside meadows, where the subsoil is permanently wet, than in drained, 
moderately moist areas 

The trees usually show the first symptoms of the trouble soon after commence- 
ment -of growth in June, or later, when the leaves and tips of the new shoots on 
one or a few branches writ and die. These early affected branches often occur 
on a part of the tree which is shaded over, but the disease is not confined to 
shaded branches. Following the withering of the leaves, affected branches die 
back slowly from the tips, but after the loss of the leaves the branches show no 
further disease during the same year. The browned and withered leaves, how- 
ever, often remain attached to the branches for a considerable time, a phenomenon 
which probably accounts for the name ‘ red leaf ’ being given to the disease in 
some localities In succeeding years, the trouble continues to spread within 
the tree and death may ensue in a year to two, or the infection may remain 
dormant or die out, but it is obvious that trees once affected are of little value, 
and are better removed and burned to avoid risk of spreading infection. 

A striking symptom of watermark disease is the exudation of bacterial slime 
on the dying twigs and young branches, leaving dark, sticky tracks, but this feature 
is not usually seen on the larger branches. The slime is created internally, in 
the wood, and is exuded to the surface through wounds, or bore-holes made by 
insects. In the Dutch form of the disease the exudate has also been found in the 
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leaf axils, at the base of small lateral twigs, 
in leaf scars, and in fissures reaching as 
deep as the cortex On the branches the 
exudate forms a substrate for various yeasts 
and fungi, and unless washed off by rain, 
dries hard like a yellow or brown varnish 
One of the first fungi to appear on the dying 
parts is Cytospora chrysosperma, and so fre- 
quently is this fungus associated with water- 
mark disease that it was suspected to be the 
causal organism ; but it is clearly an intruder 
which, however, along with other fungi 
assists in the ultimate death of the tree ; on 
the dead bark, the pycnidial fructifications of 
Cytospora, with their orange-coloured spore 
tendrils, are usually conspicuous during the 
autumn and winter. Various other fungi 
may also thrive between the bark and wood 
of affected trees, and entire branches and 
trees may be debarked and bared down to the wood, through their agency. 

When affected branches are cut across, the disease is readily identified by the 
brown ‘ watermark ^ in the rings of the woody xylem (Fig. 412). This discolora- 
tion may appear in one part only, or occur more or less general over the entire 
section, or form discrete patches of stained wood. It is due to the presence of 
bacteria in the vessels of the wood (Figs. 413, 414). Watermark disease is essentially 
a vascular trouble which kills the tree if the bacteria find their way into the current 
year’s wood of the main stem. 

It is not clear whether this disease is due to one bacterium or a number of different 
bacteria, but the organism named Bacterium salicis appears to be the true parasite <3). 
Others, almost constantly present, have been designated Bacterium ‘A*, ‘ B *, and ‘ C * 

B. salicis is a short, rod-shaped organism, 0*8 to i-o by 0-3 to 0*4 /x ; non-sporing ; capsu- 
late ; furnished with peritrichic flagella ; not acid fast ; non-liquefying ; aerobic and 
facultative anaerobic ; nitrates not reduced ; the temperatures for growth are : — 
optimum aq'’ to 30'", minimum 5° to 10°, maximum 33° to 37° C. ; a soluble toxin is 
formed The Dutch organism, regarded as a distinct species. Pseudomonas saliciperda 
has an average length of 1*7 /x ; its optimum temperature for growth lies between 25° to 
30"^ C. ; it is Gram-negative and nitrate-reducing. Metcalfe describes and gives the 
dimensions for Bacterium ‘A’: rods, 1*75 by O'8/x, motile, with 2 to 5 peritrichic 
flagella. ‘ B * : short rods, 1*4 by 0-75 /x, motile, with 3 to 7 peritrichic flagella. ‘ C ’ : 
long rods, 2*25 by o*8 /x, motile, with i to 3 polar flagella. 

The mode of infection of healthy trees is not definitely known, but fresh in- 
fections always start in the crown. They are believed to arise through wounds 
made by insect borers which pupate in infected trees and later act as carriers of 
infection Infection may also probably take place from crown to crown of neigh- 
bouring trees when the slimy bacterial exudate is splashed by wind-blown rain 
from tree to tree, but again the organisms are capable of penetrating the twigs 



Fk;. 412. — ‘Watermark’ of willow {Bac- 
terium salicis). A trunk watermarked 
on one side only and with a very 
badly affected branch on the same 
side (August 1922) (photo by Day, 
Oxford Forestry Memoir, 3) 
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only through wounds. The bacteria do not enter by the leaves, nor are they ever 
present in these organs, and the effect on the foliage appears to be due to a toxic 
substance carried up in the transpiration stream. 

The bacteria are most abundant and active in the outer ring of the wood, but 
are not easily detected at first, because the zone is water-logged and colourless. 
In the dying branches, however, the zone or * mark ' is easier to trace because it 
stains the wood a deep brown and can be followed into the main stem. In the 
latter, the stain in the outer wood extends up and down from the point where it 
came in from a branch and, travelling more rapidly downwards, may eventually 
reach the roots, but not always. At first it occupies the one-year-old ring of wood 
and only slightly the adjacent autumn wood of the older ring. The brown dis- 
coloration is a secondary effect and gradually disappears after the death of the 
tree ; it is probably due to the infiltration into the wood of a product liberated 
from the parenchyma adjoining infected vessels in which an oxidation process 
finally brings about a change of colour to brown. In the dark-stained wood the 
bacteria are dead. 

The bacteria are actively motile in the water permeating the walls of the 
vessels. They do not enter the living cells of the wood nor those of the medullary 
rays^ but these cells may become occupied after they have been killed by infiltration 
of bacterial toxin from the vessels Following upon the presence of the bacteria 
in the wood, parenchyma cells in the vicinity of the ‘ watermark ’ are seen to be 
deprived of their normal starchy contents. This is a common feature of the disease, 
for starch gradually disappears from within, and in the vicinity of, the watermarked 
parts of the wood. Moreover, in the latter there is profuse development of 
tyloses (Fig. 156), even in vessels which may not have accommodated any bacteria 



Fig. 413. — ‘Watermark’ of willow. A group 
of vessels near the pith of a two-year- 
old twig blocked up with bacteria ; starch 
is absent from the medullary rays and 
outer cells of the pith (adapted, from 
Oxford Forestry Memoir ^ 3, by permis- 
sion of W. R. Day) 



Fig. 414. — Watermark disease. A column of 
bacteria blocking a vessel. The column 
is broken in two places (adapted, from 
Oxford Forestry Memoir 3, by permission 
of W. R. Day) 
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at all, but dead bacteria may often be seen in vessels occupied by tyloses. 

The ultimate effect of watermark disease on the woody elements is not a de- 
lignification of the walls, but only a dissolution of the middle lamellae. In conse- 
quence, small cracks develop in the wood along these primary walls and there 
follows in time extensive communication between infectfed regions of the stem, 
the cracks sooner or later becoming invaded by bacteria In trees diseased for 
two years or more, as a result of secondary infections from various bacteria and 
fungi, the woody cylinder of the larger branches and often of the main stem 
becomes much split and water-logged, and with changes induced in the wood 
(which cannot entirely be ascribed to the true parasite) the wood in the last stages 
of decay emits a very disagreeable odour. 

To check watermark disease, first attention should be given to good drainage 
and cultivation. The trees, though water-loving, do not thrive well when the 
roots lack aeration. About 20 to 25 ft., it is estimated, should be allowed between 
the trees, planted preferably in single rows. Stagnant localities and impermeable 
soils should be avoided. 
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8. — 1932. Thesis, Univ. Anister., HoUandia-Drukkerij , Baarne, 82 pp. 
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Black Canker of Willow, Physahspora miyaheana Fukushi 

Willow canker, denoted by blackened leaves and small cankers on the stems, 
is common on numerous species and varieties of the tree in many parts of Britain. 
The same disease, along with ‘ scab ’ of willow {Fusicladium saliciperdum) described 
below, also occurs in North America, where the two together are reported to cause 
much greater damage to willows in certain areas, as in New England, than in any 
parts of Britain ^7). 

This disease attacks willows in all stages of growth. Infections at the tips of 
the growing shoots are the most destructive and young branches may suffer from 
die-back early ; attacks late in the season are not so serious. 

First symptoms are usually seen about the end of May, on young rods about 
two feet high or more. On the leaves the disease starts as reddish-brown or black 
areas either along the margin or at the tip, spreading later towards the midrib and 
down the petiole into the stem. If the discoloured area (the colour varies according 
to the variety of willow attacked) involves the apical half, or so, of the leaf, the 
discoloured part wilts and bends back at right angles to the remaining part of the 
lamina, but in other instances entire leaves and petioles are blackened. Infected 
leaves eventually dry out and shrivel but remain attached to the stem for a long 
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time before they drop, often 
leaving behind them, however, 
the dead stumps of the leaf 
stalks. Early lesions on the 
stem are small shield-shaped 
areas, 2 to 3 cm. long. As 
these areas develop into cankers 
they get more and more sunken 
into the bark and are especi- 
ally conspicuous at the nodes 
where they arise, these parts 
being naturally the first points 
of invasion of the stem from 
the affected leaves. The lesions 
may sometimes completely 
girdle the stem, and when the 
cankered tissues finally break 
open, the wood is often laid bare 
(Fig. 415). Such deep cankers 
obviously detract greatly from 
the appearance and value of 
the rods, rendering them un- 
saleable and worthless for 
basket-making. There is little 
evidence that any extension of 
cankers occurs on the rods after 
cutting or while standing in the 
pits As infection begins 
at the very tip of a shoot, or 
close behind it, and progresses 
downwards, the disease is more 
serious when it starts on the 



Fig. 415. — Black canker of willow (Physalospora miya- 
beana). A, B, C, portions of three rods of Salix 
triandra showing cankers on the peeled rods. D, shoot 
of S. vitellina var. basfordiensis showing lesion on 
stem caused by infection through leaf ; inset, leaf of 
S. pentandra 8 days after inoculation (photos by 
Nattrass communicated by Barker, Trans, Brit. Myc. 
Soc.) 


tips of young rods about 12 to 18 inches high, causing the aflFected part to 


die back and bend over. But young laterals may suffer in the same way and, if 


infection at their tips travels down along their whole length, fresh cankers will 


also arise at the junctions of laterals with the main stem <5). 


Black canker of willow was first attributed to Physalospora {Botryosphaeria) gregaria 
but a study of the fungus causing this disease on Salix purpurea var. angustifolia, in Japan, 
showed the species to be P. miyaheana a member of the Pyrenomycetes. The organism 
develops both acervular and perithecial fructifications (Fig. 416). The conidial acervuli 
appear in early summer, crowded, sometimes joined together, often arranged concentric- 
ally on young stem lesions and sometimes, in some varieties of willow, on the leaves 
as well 3). From a basal stroma of mycelium within an acervulus, densely arranged 
conidiophores 30 to 45 by 4 to 6 /x wide arise, producing at their apices unicellular, 
ellipsoid, slightly curved, pale-pink or hyaline conidia, 12*5 to 21-5 by 4 to 7 /x (average, 
17-5 by 6*5 /x) ; other dimensions given are, 13-0 to 23*0 by 3*8 to 6*8 /x (mostly, 17*0 
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Fig. 416. — Physalospora miyaheana. A~D, penetration of the outer 
wall of leaf epidermis. E, Fj conidia and conidiophores. G, 
Hy asci, paraphysis, and ascospores /, section through an 
acervulus (after Nattrass, Trans Bnt Myc Soc ) 

i» 


to 19-0 by 4*5 to 6*0 fx ) < 3 >. 
The dark-brown perithecia 
arise a little later singly or 
in small groups on the 
stems on the same lesions 
as bore acervuli, but the 
two fructifications are 
sometimes found together. 
The perithecia are globose 
to flask -shaped, 140 to 
200 fi in diameter, im- 
mersed, with a short pro- 
truding neck ; the 8-spored 
numerous asci measure 
from 65 to 86 by 10 to 1 1 /x, 
and are interspersed with 
slender paraphyses which 
eventually disappear ; the 
8 spores are arranged more 
or less in two rows in the 
ascus, and are unicellular, 
hyaline, oblong to ellipsoid, 
sometimes slightly curved ; 
the spores measure from 
14 to 17 by 5 to 6 fly ac- 
cording to Nattrass ; and 
other given dimensions of 
the perithecia are from 100 
to 170/X in diameter, asci 
from 55 to 57 by 1 1 /x, and 
the ascospores from 15 to 
17 by 5*5 to y fly the asci 
being interspersed with 
slender paraphyses 66 by 
i '2 fi in diameter The 


organism shows considerable variation in culture and some isolates are apparently not 


so pathogenic as others 


The conidia are not adapted for over-wintering, but during the summer they 
cause widespread secondary infections. They are disseminated in great numbers 
when the rods, wet with dew or rain, sway in the wind. The spores are splashed 
on to the leaves or washed down the stem, where they are trapped in the leaf axils. 
The perithecia survive the winter on cankered rods left uncut for a second-year 
crop, or on portions of stem left behind after cutting, or on infected twigs left on 
the ground. Infections are greatly assisted when the trees are grown in dense 
formation. 

Infection of leaves and young growing tips of shoots has been established 
with or without previous injury, but is much more rapid through wounds. The 
leaves of Salix americana yielded to conidial infection without wounding, but 
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those of S, purpurea only after pricking the cuticle, and the latter species is the 
only one so far investigated which has shown the acervular fructifications on the 
leaves Under damp conditions infections make good progress at a tempera- 

ture of 25^ C. Penetration is cuticular (Fig. 416 a-d) and the mycelium is both 
inter- and intracellular : progress of infection is rapid, for in 6 days following 
infection the fungus is found in the petioles, and after 12 days lesions bearing 
acervuli appear at the stem nodes ; and after 36 days perithecia were also de- 
veloped ^5). P'rom passing down the petioles from leaves to stem, or travelling 
direct from the growing tip of the stem, the fungus, favoured by warm, close 
weather in early summer, has been known to work down the whole length of young 
rods and actually to invade the stool itself 

In stem infections the fungus penetrates as far as the wood and causes a brown 
discoloration which extends beyond the limits of the infected part. The tissues 
mostly affected are the phloem and cambium, and, when portions of the latter are 
killed, a depressed area is developed which becomes the seat of canker formation. 
Moreover, the vessels of the affected wood become blocked with gum and the 
primary xylem and medullary rays are also discoloured. By the formation 
of cork below the lesion the progress of a canker may be checked, but at 
times development of cork is tardy and a canker may grow so as to girdle the 
stem entirely. From much concentration of infection at the stem nodes, axillary 
buds also suffer severely and may be killed outright, their tissues becoming clogged 
with gum. 

Osier willows in close planting suffer more than isolated trees. The varieties 
Salix alba and S, alba var. cardinalis (golden willow) and 5 . purpurea 
(bitter willow), all valuable basket-making kinds, are very susceptible to black 
canker. The much-grown 5 . triandra^ according to the comparative acreage 
given to it in Britain, probably suffers heavier losses than all the other varieties 
put together 

Since willow canker is initiated through leaves and shoot tips, considerable 
control over it can be obtained by spraying the trees with Bordeaux or Burgundy 
mixture. First application should be made when the rods are about 6 to 9 inches 
high, subsequent treatments being given at intervals of 3 weeks ^5, <>). All diseased 
twigs should be cut out during the winter before the dormant cankers disperse 
their spores. The rods should be cut close to the stools to avoid the over-wintering 
of cankers on the snags, and all infected rods and debris must be burnt. Winter 
protection may be given by washing with copper sulphate (4 lb. in 100 gallons of 
water), or with lime sulphur (i in 30) applied in the spring Only healthy sets, 
free from all traces of canker, should be planted 
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Scab of Willow, Venturia chlorospora (Ces.) Karst. ^Fusicladium 
saliciperdum (Allesch. & Tub.) Tub. 

This disease is common on many species of willow in Britain and on the 
Continent, where it is known as * bark scorch ’ ; it is also found in 

North America 

Willow scab attacks the leaves and twigs, causing them, in parts, to turn black, 
a piebald effect produced by the dark spots on the light-coloured stems being a 
characteristic feature There is considerable loss of foliage, often accompanied 
by a die-back of branches following canker formation on the stem ; dead twigs 
are usually curved or hooked at the tips, and such twigs with their diseased leaves 
may be of a reddish-brown or black colour, according to the kind of willow 
attacked. Severe defoliation of affected trees for two or three years in succession 
is often followed by the death of the tree, and even after the first year s premature 
loss of foliage the tree seems to have little capacity for making good the loss by 
adventitious growth and eventually dies from starvation The dark blotches 
on the leaves soon become covered over by the conidia of the causal fungus, the 
spores forming an olive-brown velvet pile which contrasts sharply with the green 
colour of the healthy leaf. On mature leaves, only a few isolated black spots of 
variable size appear, but when young leaves are attacked the disease spreads chiefly 
along the midrib to the base, killing the tissues as it advances, and then passing 
into the stem at the junction with the leaf, spreading both above and below the 
node. After the destruction of the lamina, the withered midrib often remains as 
an extension of the petiole, still attached to the stem. 

This disease is caused by Fusicladium saliciperdum a fungus closely related to 

that causing apple scab (p. 732) ; the perfect ascigerous stage Venturia chlorospora 
(some doubt has been expressed about this designation has not been found in 
Britain <3). Other fungi are also associated secondarily with this disease o). The conidia 
more or less cover the blackened leaf areas, but follow mostly the course of the larger 
veins and particularly the midrib. The spores, truncate at the base, rounded at the apex, 
are olive to reddish-brown, i -septate usually (the basal cell is the larger), and measure 
from 12 to 25 by 6 to 10 ^ ; the spores are developed singly at the ends of brownish, closely 
compacted conidiophores The perithecia of V. chlorospora have been found on 

dead twigs on the ground, rarely on the tree The fungus grows slowly in culture and 
spores may be formed, or the culture may remain almost sterile ; in the latter case 
blackish mats composed of brown, septate hyphae are produced, and these become 
covered with brownish aerial hyphae which remain sterile ; conidia have been observed 
to develop from single ascospore cultures The optimum temperature for growth 

is 20° C. ; at 28® and 30®, and at low temperatures of 5° down to - C., growth was 

greatly reduced 

Scab of willow survives from season to season under the bark of young twigs 
in much the same way as that adopted by the fungus of apple scab (p. 735). 
Conidial pustules on the twigs can survive through a dormant period and are 
probably the source of origin for primary infections of the leaves in the spring 
The spores from the twig pustules are washed down to young leaves in the opening 
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buds, and thereafter secondary infections are widespread during wet seasons. 
The outbreaks are especially severe after periods of flood following a series of 
dry seasons The disease is favoured by excess of nitrogen and lack of potash 
in the soil 10, 12)^ 

Diflferent varieties of the willow appear to be variable in their resistance to 
scab, according to the locality where they are grown The following 

programme of spraying with Bordeaux mixture, 4:4: 50, gives good control, 
{a) before the buds open, (6) when the leaves first emerge, (r) when the leaves 
are from one- to two-thirds grown, and {d) when they are nearly full size A 
winter wash of copper sulphate, 4 lb. in 100 gallons of water, or spraying with 
lime sulphur, i in 30, also gives good control 
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Dutch Elm Disease^ Ceratostomella ulmi Buisrnan 

The so-called Dutch elm disease, or elm die-back, probably first reached 
Europe during the war of 1914-18 but there is nothing whatever to sug- 

gest that it originated in Holland. It was first seen in that country in 1919 ^20) 
probably in France and Belgium earlier ^5) j spread through Europe from the 
Baltic to the Mediterranean and from the Atlantic to the Volga followed. In Eng- 
land it was found in 1927, when it was evidently of some years' standing ^s, 26) 
America was probably reached on several occasions from 1928 onwards in elm 
timber from Holland, the most likely origin also of the English infections. The 
attempt to limit spread in the United States has been more or less successful, but 
early surveys in England revealed such a condition in East Anglia, the Mid- 
lands, and the South-East as would have rendered nugatory any similar efforts. 
Natural limitation by little-understood ecological factors affecting either the parasite 
or its beetle vectors (or both) appears to be operative in Great Britain and north 
of a line from Dorset to the Wash the disease decreases in intensity. There 
was no report of it from Scotland apart from a single case of its occurrence on a 
dead log in 1939, until quite recently when it was located on both sides of the 
Border, near Kelso Seasonal fluctuations also occur ; there was a definite 

check to its advance in England in 1932 then a renewal and a further decline 
in 1938-9, 
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Fig 417 — Elm disease (Ceratostomella ulmt) American elm showing one-sided defoliation of the 
crown (photo by Curtis May, by permission of Bur Plant Indus , U S Dept Ague Ctre 392) 
Insets, cross-section of wood showing rings of discoloration, and peeled branches showing 
discoloration (photos by Peace) 

The most noticeable early symptom is the dying back of a part of the crown 
of the tree, the leaves on which become yellowed over the whole blade and shrivel 
(Fig 417). The tips of the affected twigs (which tend to retain their leaves 
longest) droop and after they die remain hook-shaped ^4). The progress 
in the tree is generally slow but vanes enormously : it is not often that trees 




CH. xvn 


TREES 


897 

are killed in a single season ; in others death occurs limb by limb and it may be 
several years before all are affected; other trees, again, apparently recover ^^7) 
and a tree attacked one year may not be attacked the next, unless it ii» visited 
again by a carrier beetle A characteristic feature of severe attacks is the 
growth of numerous adventitious shoots along the trunk or the formation of 
many stunted twigs with small leaves. It is not until the crown shows some 
75 per cent, diseased that the tree can be considered to be doomed. In such 
trees the holes or tunnels bored by the bark beetles are a sure sign of internal 
injury (Figs. 80, 81). An early symptom which can easily be missed is the 
absence, in January, of flower buds from the branches that are later found to 
be diseased Internal mischief may be far advanced before any outward 
signs are visible, so that the only really safe method of diagnosis is the culture 
of the parasite from wood suspected of infection : a case, indeed, has been 
reported in which this method revealed infection in half of a stand of apparently 
healthy trees Even when gross symptoms are evident, cultural methods 

may be required to separate this disease from the wilt caused by I'erticillium 
dahliae. 

Elm die-back is essentially a disease of the vascular system, damaging particu- 
larly the functional wood of the current season and interfering with the water- 
supply to the growing parts. A brown discoloration visible as spots or rings in 
transverse sections of the vspring wood or as elongated streaks of varying length 
on stripping the bark lengthwise, is a characteristic symptom, though not always 
present and liable to disappear after death (Fig. 417). This browning may extend 
as far as the petioles and the roots, and may later affect deeper annual rings by 
passage of the parasite through the medullary rays The brown colour is 
associated with a copious formation of gum and tyloses arising from the wood 
parenchyma and entering the vessels through the pits in their walls This 
makes it difficult to detect the parasite in the tissues. As tyloses also form in 
adjacent non-infected vessels the interference with the transpiration stream is 
considerable. Cellulose is not attacked but it has been suggested that the fungus 
exerts a toxic action on the protoplasts of living cells in advance of the limits of 
its growth <27), 

In 1922 the cause of the disease was determined as Graphium ulmi, a coremial member 
of the Hyphomycetes Ten years later its perfect form, a Pyrenomycete Cerato- 

stomella ulmi {Ophiostoma ulmi), was described Mycelial conidia resembling those 
of the Hyphomycete genus Cephalosporium and a yeast-like budding stage arising from 
these are also produced (Fig. 418 m). 

The mycelium consists of rather sparse, recumbent hyphae growing readily in culture 
in which they are 4 to 6 /it in breadth while sometimes less than i /x across in the vessels. 
The Cephalosporium conidia (Fig. 418 a) develop at the tips of short, often verticillate 
stalks, on which they form mucilaginous white or yellow heads ; they may be from 4 to 
10 by 2 to 3*5 n in diameter and germinate either by germ-tubes forming a mycelium with 
similar spores, or by budding out in enormous quantity yeast-like cells, averaging 57 by 
2*6 

The coremia of the Graphium stage (Fig. 418 b) develop almost exclusively on woody 
substrata and are found in nature in protected places such as cracks in the bark or galleries 
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Fio. 418. — Ceratostomella ultni. mycelium producing the Cephalosporium stage. coremia 
of the Graphtum stage, growing m a tunnel in the wood, made by Hylurogopinus. C, an 
isolated coremium. Z), a viscid mass of spores at top of coremium. E, the coremial hyphae. 
E, a short, thick coremium. G, coremium hyphae spormg. H, a perithecium of C. ulmi. Jy 
the fimbriated ostiole of a perithecium. /C, ascospores expelled in a viscid drop at ostiole. 
Ly ascospores. My yeast-like cells found in the sap in the vessels, and in sap displaced from 
naturally infected trees {A-Ly after Clinton & McCormick, Conn. Agric. Exp. Stn. Bull, (adapted); 
M ( X 1550), after Banfield, Jf. Agric. Res.) 

bored by beetles (Fig. 80 a). They average about inch high, have a solid unbranched 
stalk, dark below and whitish above, and bear at the tip a dense brush of branched 
conidiophores, about 30 by 24 /x wide, on which the pear-shaped unicellular conidia, 
3*3 to 4*8 by 1*7 to a-i/x, are agglomerated into a white or yellowish glistening head 
about 350 /X in diameter. Six physiologic races are reported, showing variability in 
temperature relations during the germination of the coremial spores 

The perithecia (Fig. 418 h) occur in nature in the borer galleries or below the 
bark and on exposed surfaces of infected wood. They are round, dark, about 105 to 
135 fi in diameter, and have an elongated neck up to 350 /x in length by 38 (below) to 
10 (near the tip) broad. The asci are diffluent and embedded in mucilage ; they contain 
about 8 spores, each shaped like a segment of an orange and measuring 4-5 to 6-o by 
1*5 /X (Fig. 418 l). The species is heterothallic and sclerotia occur which may be 
aborted perithecia that have not been diploidised by a compatible strain. 

The mycelium grows over a temperature range of 8*5® to 34® C. (optimum in culture 
25®). High moisture content of the substratum is required for the development of 
coremia and perithecia. The Graphium spores withstand several weeks of drying but 
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none of the spore-forms is suited for air-borne dissemination Spores washed down 

into the soil have not been found to infect unwounded roots 

Natural infection usually takes place in the upper part of the tree, as a result 
of attack by certain insects which carry the spores in and on their bodies. Infec- 
tion through the roots to neighbouring trees by root unions is also possible but 
not common ; infection of the American elm readily occurred when the 
spores were placed in the soil in contact with wounded roots In Europe the 
chief vectors are the small bark beetles Scolytus scolytus and S. multistriatus 
(Fig. 80 B, c), while the latter, together with Hyluroqopinus rufipes and Saperda 
tridentatay are amongst those implicated in the United States The 

female Scolytus beetles excavate egg-laying galleries in the inner bark and sap- 
wood and the emerging larvae penetrate farther into the sap wood. Scolytus 
has two generations in the year, one in May hatching out in late May and June, 
and the other in August to September not emerging from the larval stage until 
the spring In emerging they are liable to pick up spores from the tunnels 

and under the bark of infected branches and they have been repeatedly found 
carrying infection to the succulent twigs of healthy trees, where they feed on the 
bark and outer wood. These beetles become rarer north of a line joining the 
Mersey to the Humber and their range in Scotland is not known but roughly 
the range of the vectors appears to be in correspondence with the distribution 
of the disease in Great Britain. 

The disease is restricted to the genus UJmus and the closely allied Japanese 
Zelkova keaki. All species and varieties of elms ordinarily grown in Britain are 
susceptible, though the Jersey elm, U. stricta wheatleyiy suffers relatively little 
injury beyond the loss of individual small branches or twigs ; the com- 

monest English and American species, U, campestris and f/. americanay are very 
susceptible. The search for resistant forms and the hybridisation and selection 
of promising types have been actively carried out in Holland, Italy, and the 
United States. Varieties of U,foliacea and the Asiatic dwarf elm, U, pumilay have 
shown a considerable degree of resistance, but the latter are too small to replace 
the western species and do not do well in England. The wych elm {U. glabra) 
is the most susceptible of our native species ; the Cornish elm (f/. stricta)y the 
English elm ( U, procera)y and the plot elm ( U, plotii) all appear to be compara- 
tively resistant The best variety produced in Holland is U. foliacea var. 

Christine Buismarty a selection from a Spanish elm. Immunity does not seem to 
be found in any species and it is too early yet to attempt to assess the prospect 
of breeding large resistant types that could replace the many fine trees found 
in England, of to gauge the possibilities of survival of existing elms in sufficient 
numbers to preserve one of the stateliest features of the English landscape. 
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Oak Mildew, Microsphaera alphiioides GrifF. & Maubl. 

Of recent years mildew of oak has proved to be an increasing source of trouble 
in the raising of young oak in Britain. Though its attacks are most serious on 
nursery stock and oak coppice, it occurs on trees of all ages. Beech and sweet 
chestnut are also susceptible to the same disease but, so far, there are no reports 
of its occurrence on the latter in Britain The trouble commonly follows upon 
the defoliation of the trees by caterpillars and, while established trees may be able to 
renew their leaves after one or two successive attacks, a second or a third defolia- 
tion so weakens the trees that they can no longer resist attacks from mildew 
In the same way, a second crop of foliage is very liable to mildew, after the first 
lot has been killed by frost. 

The disease is believed to have made its first appearance in 1907, in Portugal 
and two years later had spread practically throughout the whole of Europe and 
quite soon after into Asia It was first recorded in Britain in 1908 The 
mildew is not so serious on the sessile oak {Quercus sessiliflora) as on the pedunculate 
oak [Q. pedunculata) (though in some localities the latter is highly susceptible 
partly, perhaps, because of the relative immunity of this variety from caterpillar 
attack and, therefore, from mildew, but the seedlings of both are about equally 
susceptible, and both are attacked in coppice ; and it is on coppice oak that mildew 
does the greatest amount of harm 

Oak mildew is caused by the fungus Microsphaera alphitoides Griff. & 
Maubl. {Erysiphaceae)^ which covers the leaves and young shoots with 

its whitish conidial fructifications to such an extent that the trees look as if dusted 
over with flour. Early symptoms on the leaves consist of small cinnamon-coloured 
spots which gradually spread over the entire lamina. These primary infections 
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usually occur early in May, and secondary infections occurring about the middle 
of June account for a prolific production of conidia. The latter become less and 
less during July and the white, powdery effect is not then so pronounced. Eventu- 
ally the leaves curl up at the edges, turn brown, and fall off prematurely. Brown 
patches of dead epidermis may also appear on infected twigs, and young shoots 
so affected fail to ripen properly and in consequence are usually killed off by the 
frosts of the following winter The fungus is believed to survive the winter in 
buds which had contracted infection during the previous season When such 

buds break into leaf the reviving mycelium gives rise to conidia (or oidia, as they 
are sometimes called) which infect the young leaves as they unfold. Affected buds 
are usually seen at the base of the previous year’s shoots, the upper portions of 
which, as above stated, have already been killed off by frost and mildew. 

The mycelium of oak mildew is entirely superficial on the host ; the hyaline, septated 
hyphae are about 5 jtx in diameter. For a long time, only the white, oidial or conidial 
stage of the fungus was known, but the perfect, cleistocarpic stage attributed to the 
American species Microsphaera quercina (Schw.) Burr, was discovered in France in 
1 91 1, on moribund leaves of the sessile oak The conidia are developed mostly on 
the upper, fewer on the lower surface of the leaves, in long chains, from erect, septated 
conidiophores 50 to 115 jx long; the oval-shaped conidia measure, on an average, 29 
by 18 /X The cleistocarps, though found in many parts of Europe have 

only lately been seen in Britain These were found on leaves of Quercus rohur, in 1945 

at Bricketwood, Hertfordshire, and in 1947 at Aberystwyth and agree closely with 
the species Microsphaera alphitoides (Griff. & Maubl.) the cleistocarps with twenty 
to twenty-four appendages measured from 180 to 200 /x in diameter; the ascospores 
ranged from 18 to 24 by 6 to 13 /x. It is interesting to note that the type collection 
of M, alphitoides is actually the material collected in south-west France and identified 
by the finders with the American species M. quercina (Schw.) Burr., under which 
name the perfect stage of oak mildew has long been familiar in Europe and America. 
In this American species the cleistocarps are reported to arise in groups on fading 
or dead leaves still hanging on the trees, occurring as many as 40 to 50 together, on 
the upper or under side the more mature cleistocarps towards the centre being 
black and the outer, immature ones yellow-brown in colour mostly on the margin of a 
group ^5) 1918 cleistocarps were found in Macedonia on bushes of Q, conferta 

at an elevation of 1000 feet, on a dry hillside fully exposed to the sun. The fructifica- 
tions are apparently formed under dry conditions, when transpiration of the fungus is 
excessive in relation to the supply of food obtained from the host The fungus 

is believed to be heterothallic and it is probable that sexually compatible strains 
necessary for their development are very rare in Britain ; but it is also suggested that 
the mean temperature and humidity relations are unfavourable to their production in 
this and other countries ^*4). The spherical cleistocarps attributed to M. quercina vary 
from 100 to 150 /LX in diameter, and are furnished with about 15 to 20 spreading, 
dichotomously branched appendages ; asci, from i- to 8-spored, are numerous, ovoid, 
60 by 30 /Lt ; the ellipsoid ascospores measure from 22 to 30 by 12/x There 

can now be little doubt, however, that the designation M. alphitoides is the correct 
one for the fungus of oak mildew in Europe. The ascospores have not been observed 
to germinate, and the cleistocarps appear to play no prominent part in the over- 
wintering of the fungus <34) ; but in Moscow, in 1924, Q. pedunculata was successfully 
inoculated with the spores from over- wintered cleistocarps on fallen leaves Apparently, 
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these fructifications, like the cleistocarps of other njildews, are only detachable from 
the host after being wetted, and, after being conveyed to a new substratum as the water 
evaporates, become firmly fixed thereto by the appendages ; this is contrary to the 
view that the separation from the original host is effected by the appendages 

As already stated, the organism survives the winter in the form of a resting 
mycelium within the buds. But some authors report the occurrence of thick- 
walled chlamydospores, 6 to 12 /x in diameter, un infected leaves, capable of passing 
through the winter on the fallen leaves, on the ground. The chlamydospores are 
believed to initiate the infections of the opening buds in the spring but 

these spores have not been found in Britain. 

When infected buds open in the spring the rejuvenated mycelium early pro- 
duces conidia which attack the young emergent leaves. Possibly only a few 
infected buds may be present on a small number of trees, but once conidia begin 
to be formed, fresh infections from these wind-borne spores are widespread. 
Infection takes place only when the leaves are young, before a thick cuticle is de- 
veloped and at a time when the leaf possesses a high water content Primary 
infections occur on the under surface of the leaf, but subsequent infections may 
take place at either surface, so that the superficial mycelium may eventually cover 
the entire lamina. I'he fungus appears to vary considerably in respect of tempera- 
ture relations, due possibly to the existence of different strains, for the optimum 
temperature for conidial germination is given by one author as being between 
24"^ and 32"^ C., with fungal growth increasing steadily with rise in atmospheric 
humidity while another states the optimum to lie between 18° and 20° C., 
germination being reduced to a half at 25^^ and practically ceasing at 30^ C. 
Penetration of the epidermis is direct and is immediately followed by the expansion 
of the infection hypha in the epidermal cell to form an oval-shaped haustorium. 
The entered cell as well as a number of unentered epidermal cells in its vicinity 
turn brown, and the discoloration may start even before actual penetration, 
indicating that a toxic substance is apparently given out by the germ-tube as soon 
as it makes contact with the leaf. There is no further penetration beyond the 
epidermis, and the massive, white mycelium which develops is kept in position on 
the leaf entirely by anchorage of its numerous haustoria in the epidermis, and by 
the close contact which the rapidly interweaving mycelium makes with the leaf. 
The tips of young twigs, still uncovered by cork, may become infected by conidia 
in the same way, and many young branches develop such a dense covering of mildew 
that they are overwhelmed and killed. It is at this time, too, that young buds 
developing in the axils of mildewed leaves contract infection. When the bud 
scales are, as yet, soft and imperfectly closed, mycelium, and possibly conidia, from 
the attendant leaves enter through the unprotected parts and infection becomes 
established in the softer tissues of the scales and also, later, between the leaf 
primordia, there to lie dormant until the spring. As the scale leaves become 
toughened and hardened to meet the winter, it is interesting to note that the 
dormant mycelium in them is not furnished with haustoria as in the case of 
vegetative mycelium exposed on the leaves, and so it remains inactive but secure 
from harm, protected within the bud. When it revives in the spring at the opening 
of the buds, conidia are early produced and primary infections are started anew 
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A remarkable phenomenon frequently found in association with the mycelium 
of oak mildew is the presence of another fungus, Cicinnoholus, which actually 
preys upon the mildew to such an extent that it forms its dark-coloured pycnidial 
fructifications, frequently in abundance, on mildewed oak leaves. This intruder 
is also parasitic on other members of the Erysiphaceae (p. 646), and it would be 
of interest to know how far it is effective in suppressing the activities of the mildew 
on the plant host. 

It has been established that varieties of the oak which break into leaf 
comparatively late in the season are more prone to be attacked by caterpillars 
than early leafing kinds, and are therefore more subject to mildew. An early 
maturing variety of the susceptible Q. pedunculata was found in the forest of 
Vierzon to suffer much less in this respect than a later leafing variety of that 
species ; and if this valuable oak is to be preserved it is clearly desirable to improve 
upon it, by selection, until an early maturing variety becomes established. In 
Britain the sessile oak is less susceptible than the pedunculate, and the Turkey oak 
(Q. cerris) is immune, but not in its native country, south Austria In Belgium 
the varieties Q. macrocarpa, Q, nigra, Q. phellos, and Q. palustris are resistant 

Where practicable, oaks should be planted in mixed wood with other non- 
susceptible trees ; they are then not so liable to the ravages of caterpillars as 
they are in pure stands, and therefore not so prone to fungus attack. Suit- 
able ‘ mixtures ^ are oak-ash, or oak-ash-elm-hornbeam, or oak-alder-ash-aspen, 
according to locality Regeneration from sucker shoots, so liable to the 

mildew, should not be encouraged, and young plantations should be allowed to 
grow forward into high forest Coppice oak is especially liable to mildew 

For the protection of young seedlings, spraying should be done before June 
(the critical period of infection) with colloidal sulphur, 2 to 4 lb. per 100 gallons ; 
three or more applications may be found necessary ^7, 3 q)^ The value of sulphur 
treatment against mildew may be noted from the fact that oak trees in Austria, 
in the vicinity of factories emitting sulphurous fumes, remained perfectly free 
from mildew 
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Leaf Blotch of Sycamore, Rhylisma aceriniim (Pcrs.) Fries 

Black blotches resembling tar spots are common on leaves of the sycamore 
from midsummer to leaf fall, and persist on the fallen leaves throughout the winter. 
The spots are far more numerous on leaves of the lower branches of the crown 
than on those higher up, but the topmost leaves of the tallest trees do not escape 
infection. They do little harm to full-grown trees unless successive infections 
are heavy, but young trees and seedlings are adversely affected through impair- 
ment of the leaf functions The disease is caused by Rhytisma acerinutn^ a 
member of the Phacidiales group of the Discomycetes 

First signs of infection in June or July consist of small pale spots which soon 
turn yellow when about i to 2 mm. in diameter, and some four or five days later 
each spot becomes speckled with minute black dots which join together until 
♦ the spot is uniformly black save for a narrow border still remaining yellow (Fig. 
419 a) I he blackened spot consists of a portion of the upper epidermis where 
the fungus inside a group of the upper epidermal cells has caused them to split in 
half, parallel with the leaf surface, and within tiie split epidermis the fungus builds 
up, first, the spermagonial and, later, the apothecial fructifications (Fig. 420). 

Prior to the appearance of spermagonia the surface of the blackened spot is 
perfectly smooth but soon develops a number of small round or oval pimples 
towards the centre where these fructifications are being formed (Fig. 29). Each 
pimple develops a raised margin and, later, one or two tiny ostioles at the top, 
through which myriads of spermatia exude to the surface in a thin milky film. 
The spermatia are very narrow, bacilliform, slightly curved, hyaline, and uni- 
nucleate, measuring 6 by i ^ ; they have not been observed to germinate (Fig. 
29 E))* Spermagonia continue to be formed from June till August and, thereafter, 
the black stroma, still increasing in area, forms again a smooth, blackened region 
surrounding the defunct spermagonia. The spots do not expand indefinitely 
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Fig. 419 — Leaf spot of sycamore (Rhytisma acerinum). A, early infection (July) showing black 
spots surrounded by a yellow margin ; spermagonia will soon appear on these stromata. B, 
a leaf on the ground (January), well protected in a layer of the leaf humus, showing almost 
mature apothecia around the margin of the spots 


and are usually checked when about 1*5 cm. in diameter, but infected areas often 
join together to form larger spots of diverse shape. 

The extended zone around the spermagonia soon becomes wrinkled and 
numerous apothecia develop within the split epidermis in this area (Fig. 29 e). 
Apothecia may also arise within old spermagonia but occur mostly in the extended 
zone around them. This zone during development becomes divided up by solid 
partitions of fungus pseudoparenchyma, which radiate roughly from the centre 
of the spot like the spokes of a wheel, the hub representing the spermagonial 
region, and for the accommodation of the spoke-like partitions the fungus has 
meanwhile increased the tangential splitting of the epidermis all round. Each 
roofed space between the spokes accommodates an apothecium and, in preparation 
for the time when these fructifications have to spend the winter in the fallen leaves 
on the ground, both the roof and the floor of the apothecial cavities are greatly 
thickened by closely woven fungal pseudoparenchyma which is further reinforced by 
much deposit of black substance cementing the cells firmly together (Figs. 23, 420 b). 
Leaf fall is now imminent, but before it takes place the hymenium is so far developed 
in the apothecia that groups of ascogenous cells arising at frequent intervals along 
the whole length of the elongated apothecia have already been developed. The 
leaves arc cast off at the usual time and in the usual manner, for the fungus inter- 
feres in no way with absciss formation and never extends in the lamina much 
beyond the limits of the black spots. If the fallen leaves are heaped up or other- 
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Fig. 420 — Rhytisyna ace) mum. A, transverse sec- 
tion of portion of a spermaKonial stroma , note 
the split epidermal layer, its upper half with 
the cuticle carried up , the short spermatio- 
phorcs, forming a dense layer, produce an 
enormous mass of minute spermatia ; limits of 
a spermagomum indicated by the black pillars 
By portion of transverse section of leaf, after 
production of spcrmagoma is over, showing 
mycelium m all cells of leaf ; note hypo- 
thecium with vertical hyphae which are build- 
ing up the roof (epithecium) of the future 
apothecium. C, transverse section of almost 
mature apothecia, in leaves on the ground. Z), 
a mature apothecium, the roof split open ; 
the hypothecium shows asci in all stages of 
development of ascospores. (See also Figs. 5, 
23, 29.) (The lines on the prints = loc ^4.) 
(From microphotos by Jones) 


wise protected from desiccation, the 
stromata survive the most rigorous 
conditions of winter and apothecia 
may be found as early as January 
(Figs. 419 b; 420 c) to have well- 
differentiated asci and paraphyses 

The asci are uninucleate for a long 
time and continue to develop up to the 
end of March or later. The stromata 
do not survive in dry, wind-swept 
leaves, but tide the winter successfully 
in leaves on the lee side of a hedge, in 
damp crevices of walls, or deep clefts in 
tree crotches where moisture collects, 
or wherever there is a thick carpet of 
leaf mould. An apothecium dehisces 
along its entire median ridge (Figs. 
29 F, G ; 420 c, d) and under humid 
conditions spore dispersal takes place 
over a long period and the same stromata 
may continue to shoot spores intermit- 
tently, if moistened. The club-shaped, 
8-spored asci are 120 to 130 by 9 to 
10 fx ; the ascospores are unicellular, 
uninucleate, filiform, and hyaline, and 
furnished with a thick, firm gelatinous 
sheath On a culture-medium of com- 
plex composition the fungus developed 
stromata and apothecia at room tem- 
perature after being exposed to low 
winter temperature 

Infections at the lower surface of 
the leaves are stomatal and begin 
soon after the unfolding of the buds. 
The ascospores become attached to 
the cuticle by their sticky gelatinous 
sheaths and the single germ-tubes 
entering the stomata branch profusely 
to form a septated, hyaline mycelium 
which is entirely intracellular (Fig. 5) 
except when the hyphae cross the 
intercellular spaces of the mesophyll 
to pass from one cell to another. 
The host tissues occupied by the 
fungus retain their shape to the end 
and the fungus-filled mesophyll and 
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lower epidermis, much reinforced with black substance, form a firm foundation to 
the stromata during all stages of development. 

The disease can be entirely prevented if the fallen leaves are destroyed in the 
autumn before the stromata are matured, but this is hardly practicable unless the 
trees are few, and there is no certainty that they may not again become infected 
from ascospores carried by wind from distant trees. Spraying with Burgundy 
mixture is recommended for young trees 
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Root Rot of Larch, Armillaria meJlea (Fr.) Quel. 

Root rot is a severe affection of coniferous trees. It is caused mainly by 
Armillaria melleay the well-known ‘ honey agaric which is no doubt the most 
destructive of all fungi that attack the underground parts of trees and other plants. 
Its hosts are numerous and range from herbs to forest trees. Moreover, it can 
thrive for indefinite periods on the remains of these hosts in the soil as a sapro- 
phyte. Herbs and young trees may be killed within a comparatively short time of 
infection, while woodland and forest trees may harbour the fungus for years before 
it finally destroys them. 

Armillaria is a native of woodland soils, and its occurrence in cultivated land 
can always be traced to a previous occupation at some time or other by trees. It 
is a most virulent parasite of coniferous trees and is also destructive to deciduous, 
broad-leaved trees and fruit trees. After the death of these hosts it thrives on the 
stumps left in the ground and, if these remains are removed, even the smallest 
bits of infected root or stem left behind are often sufficient to keep the fungus 
alive in the soil. The organism cannot maintain itself if severed from its natural 
food base. ,, 

Although the parasitic activities of A, mellea are undoubted, some believe that 
it becomes aggressive only when the living plant is in a weakened condition such 
as would follow upon drought, frost, or human interference with natural con- 
ditions Thus, in a wood of closed canopy, of beech for instance, which main- 
tains the ground in a dry condition, the fungus is not common, but in an open 
wood, such as one of Scots pine which allows considerable rain to reach the roots, 
the conditions are favourable to infection ; again, it is recorded that in a mixed 
wood of beech, pine, spruce, and silver fir the fungus became parasitic only after 
the densely leaved beech had been removed : the gaps left behind, becoming weed- 
ridden and by conserving moisture, enabled the fungus to attack the conifers, and 
it was significant that the shallow-rooted spruces were the first to be affected, 
followed by the deeper rooted pines, and finally the silver firs 
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Leading an active parasitic life Armillaria causes a type of dry root rot, and its 
victims include, among conifers, pine, spruce, larch, deodar, araucaria, Douglas 
fir, etc. ; among broad-leaved trees, oak, beech, chestnut, walnut, citrus, and others ; 
in the orchard it causes root rot of apple, pear, medlar, plum, cherry, nectarine, 
black currant, raspberry, gooseberry, and strawberry ; it is reported also to have 
attacked potatoes in Scotland, North America, Australia, and Japan ; in Nyasaland it 
was recorded in 1927 to have destroyed tea plantations where infection was traced 
to old tree stumps 

It is difficult to determine what factors, ecological or nutritional, encourage 
Armillaria to adopt a parasitic habit. Possibly, as long as the fungus derives 
its food from humus, or other organic and mineral constituents of the soil, as 
a saprophyte, the trees are not attacked, but if the food in the soil falls short 
of its requirements the fungus then attacks the living trees. It is not known to 
what extent Armillaria can compete in the soil with other fungi and bacteria, but 
should its nutrition suffer from the greater success of its competitors, then such 
conditions would perhaps induce it to seek its food from the living tree. It is 
suggested, again, that A. mellea possesses physiologic races which differ in patho- 
genicity, and that where the weakly parasitic or saprophytic races exist, the trees 
escape while in other places where virulent races of the organism are present, 
the trees are attacked 

The life-history of this fungus has been fully described by Hiley in its 
parasitism of the larch. This and other trees may be infected for many years 
without showing any apparent signs of ill-health, and the fungus may be present 
in the roots and trunk for a long time before the familiar honey-coloured sporo- 
phores appear around the base of the tree (Figs. 421, 422 a). I’he larch is not usually 
attacked before it is about fifteen years old, and may not succumb for many years 
after infection. The first visible symptom to appear on the crown is a yellowing 
of the foliage on one or more branches, followed by premature defoliation ; entire 
branches may be lost, and in an advanced stage of the rot there is usually a copious 
flow of resin from cracks in the trunk, often running to the ground and forming 
sticky masses with the dead leaves around the base of the tree. 

Having penetrated into the roots, the fungus travels for the most part under 
the bark into the trunk but does not extend into the crown. " In stages of advanced 
decay large portions of bark may be pulled oflf the trunk, exposing to view thick 
wefts or cords of stringy mycelium arranged lengthwise in parallel with the axis 
of the tree, several cords being joined together irregularly by cross strands of the 
fungus, in ladder fashion, and at other points interlacing or anastomosing to form 
still thicker strands, the whole system being cream-coloured when freshly uncovered 
but turning brown or black with exposure to the air, and then resembling a flat 
irregular network of black shoe-laces joined together by cross pieces of narrow 
diameter (Fig. 422 b). These strands are the sub-cortical rhizomorphs which 
extend from under the bark of the roots often to a considerable height up the 
trunk. If the bark is stripped off higher and higher the rhizomorphs are seen to 
lose their stringy form, spreading out gradually in the form of white sheets of 
mycelium extending like fans over the sappy surface of the wood Again, if 
the soil around the roots is carefully cleared away the rhizomorphs may be followed 
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out from the roots into the soil, but unlike the flat shoe-lace form, they are 
round, cord-like growths of a .idirty white colour, and these soil rhizomorphs 
may often be traced to their origin from a decayed stump at a considerable dis- 
tance away 7). 

At an advanced stage of the rot, the fungus having penetrated into the woody 
tissues, a cross-cut of the felled tree shows the diseased wood to be marked by 
black lines of discoloration cutting off, here and there, triangular or roughly 
circular portions of the wood, more or less filled with fungus mycelium. These 
enclosed masses of fungus-filled wood delimited by the black zones are called 
xylostromata (or pseudosclerotia and have already been described (Figs. 20, 
21) (see Chapter I, p. 17). 

It is not clear what the exact conditions are which lead to the appearance of the 
sporophores. These fructifications may arise singly, hut occur more frequently in 
clusters around the base of the tree or diseased stump, or near by on the ground 
but in all cases they are attached to rhizomorphs (Fig. 421) or to mycelium beneath the 
bark ; they are rarely found on the trunk above ground level. The mushroom-like 
sporophores vary from 7-5 to 15 cm. in height ; the stalks are of a dull orange or brown 
colour, sometimes black at the base, with a ring or ‘ armilla ’ about three-fourths of the 
way up ; the cap, measuring from 5 to 15 cm. in diameter, is tawny or honey-coloured, 
with dark-brown scurfy scales covering its raised centre ; the gills are white, and the 
hyaline basidiospores measure from 8 to 9 by 5 to 6 /x. 

The spores are easily grown on a variety of media such as plum decoction, sterilised 
manure, and media rich in carbohydrate, starch or glucose preferably, with peptone for 
nitrogen Suitable conditions are a reaction of pW 5*0 and a temperature range 

of 18° to 25'^ C. Mycelial growth, at first white, later dark-brown, becomes heaped up at 
the centre of the colony to form a dense mass like a sclerotium, from the margin of which 
clumps of mycelium or stringy branches resembling small rhizomorphs are produced. 
The surface of the sclerotial body is formed of hyphae with dilated terminal cells very 
similar to the hyphae that fill the tracheids of the wood when a xylostroma is being 
formed (Fig. 20) ^3. u). From the manner gf its growth on the surface of artificial media 
and its strict partiality for penetrating well-aerated tissues, such as the cortex, the mycelium 
of Armillaria is strongly aerobic, and were it not for the internal adaptation of the rhizo- 
morphs for storing air (Fig. 19), the fungus would not be able to exploit the deep-seated 
tissues of the tree Saltations are frequent in cultures on malt agar. 

It is not at all clear what the role of the sporophores can be in the spread of 
root rot amongst living trees in the open It appears, however, that the spores 
call grow on dead wood of stumps or fencing posts. In the orchard, on the soil 
or grass around the trees, there may often be seen white floury deposits of spores 
dropped from the sporophores, and it is probable that from such centres, by the 
production of a considerable amount of mycelium from the spore masses, infection 
may extend through the soil to the roots of living trees Individual spores are 
apparently incapable of infecting the plant, and whether they succeed in mass 
has not been proved. But possibly primary infections are started in this way 
from massed spores of potentially pathogenic strains. Moreover, it is probable 
that there are strains of A, tnellea some of which differ not only in degrees of patho- 
genicity but also sexually, so that only compatible strains form sporophores and 





Fio 421 — The sporophores of Armillana mellea at the base of a dead yellow birch (photo by 
permission of Spaulding and Bur Plant Ind , U S Dept Agnt. ‘ Tree Pest * Leaflet 21), 
The sporophores of A mellea at the base of a recently cut tulip tree showing the fruiting 
bodies on the path formed from the same infection (photo by Reid). Three sporophores of 
A mellea attached to a rhizomorph (from Hiley's Fungal Diseases of the Common Larchy by 
permission of Oxford Clarendon Press) 


Fig. 422 . — Af root rot of larch {Armillaria tnellea). The fructifications growing at the base of a 
young dead larch {Principal Decays of Softwoods used in Great Britain, by permission of 
H.M.S.O.). B, showing the network of the shoe-lace type of rhizomorphs, under bark of a dead 
pine {Principal Decays of Softwoods used in Great Britain, by permission of H.M.S.O.) 
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some strains may be virulent parasites in a vegetative capacity and yet be incapable 
of producing fructifications. 

Infection of the living tree is effected by the rhizomorphs in the soil. Some 
authors state that the fungus can only enter through wounds on the root or at the 
base of the trunk, such as cracks in the bark near soil-level made through the 
action of frost, boring insects, rodents, or by mechanical injuries during cultiva- 
tion Seedlings of Corsican pine in a sand culture inoculated with mycelium 

of A. mellea were attacked at the points of emergence of the lateral roots, each 
point being the origin of a separate infection But investigations have estab- 
lished that cork-protected surfaces of root or stem can be penetrated by the rhizo- 
morphs without previous injury ^ 5 , ib, 23) ^ rhizomorph, as above stated, is a 

firm cord-like aggregation of hyphae, endowed moreover with apical growth. The 
tip of one of its numerous branches is not unlike the root tip of a young seedling, 
but when examined closer the outside consists of somewhat loose thin hyphae 
extending outwards like frayed string (Fig. 19). Below these superficial loose 
hyphae there is a ‘ cortex ’ of closely interwoven cells forming a well-consolidated 
tissue ; the core or ‘ medulla ’ of the rhizomorph is, however, of much looser 
texture, and as the rhizomorph expands by growth a central cavity is formed in 
the medulla and this becomes the main aerating system of the rhizomorph. Young 
rhizomorphs, especially at their tips, give out a sticky fluid which in older parts sets 
hard like a crust or cement so that the loose superficial hyphae become lost in older 
rhizomorphs, the firm cortex then becoming the hard rind which by exposure to 
air turns dark brown or black. When a rhizomorph is about to produce new 
branches, at numerous points along its length, each branch arises as a smooth- 
topped dome of hyphae in the inner layers of the ‘ cortex ’ and eventually the 
young growing dome breaks through the rind of the parent strand Rhizo- 
morphs in active growth arc endowed with a peculiar luminescence which is 
apparently due to auto-oxidation Numerous enzymes have been extracted 
from rhizomorphs When the free end of a rhizomorph growing through the 
soil comes into contact with the cork-covered root of a susceptible host, it becomes 
attached to it by means of the sticky mucilage secreted by the tip, which soon sets 
hard like cement so that firm contact is made between rhizomorph-tip and the 
host. The part behind then comes to lie alongside the root, sending out on that 
side in contact with the root a number of short branches the tips of which become 
glued to the host in the same way as the apex of the parent rhizomorph. Thus 
numerous points of contact with, and penetrations of, the root, if successful, are 
established. Moreover the apex of the parent rhizomorph is still free to proceed 
with further growth, and to give rise to further side branches, because its original 
anchorage to the root was secured only by the loose hyphae around and behind the 
tip, so that the latter is free to grow forward just like the growing point of a shoot. 
Actual penetration of the cork layers appears to be mainly from mechanical pressure 
exerted by the tips of the short rhizomorphic branches, each secured in place 
by the cementing external hyphae, and as pressure is maintained by continued 
growth of each branch, the cork layers become compressed at each point of 
contact (cf. Fig. 112). But there is no splitting apart of any of the bork cells, nor 
of any kind of solvent action on them by the thrusting tips. How the final break- 
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through is accomplished is not clear, but it is apparent that each rhizomorphic tip 
is penetrating as a whole and there are no signs of its disruption into strands or 
hyphae that would insinuate themselves between the cork cells. But a significant 
feature is that there are still some two or three layers of the innermost cork cells, 
next to the cortex of the root, which are resisting the compression from without and 
some of the cortex cells immediately below these cork layers are turning brown 
and apparently becoming plasmolised, the cells appearing to be gradually killed 
from "an influence felt below the cork" It is difficult to understand how in- 
ternal plasmosysis can arise from the effect of some diffusible substance from 
the rhizomorph passing through suberised layers, and possibly the effect of the 
localised pressure (which may be quite considerable) is to break down the turgor 
of the affected cortical cells and so release some influence from within which finally 
assists in the complete break-through, for ‘ as the pressure continues, the suberised 
walls in direct contact with the rhizomorphic tip are seen to disappear as if acted 
upon by some dissolving force, and the rhizomorph pushes through into the cells 
below ’ 

As soon as the rhizomorph has penetrated the cork it branches profusely 
within the cortex to form a thick white flaky mass of mycelium, or if penetration 
goes deeper, the flakes are laid down in the phloem or, deeper still, in the cambium. 
In any of these regions the spreading fungal growth must naturally become 
compressed owing to the proximity of the firm woody cylinder and consequently 
is forced to extend itself fanwise. By means of fine hyphal branches given off at 
right angles from one or both sides of a fan, the host tissues adjacent become 
further infected, and it is from the inner surface of a fan, usually of one which 
had become established in the cambium, that fungal hyphae travelling in a radial 
direction chiefly through the living parenchyma of the medullary rays are able to 
penetrate the woody tissues of the tree. The living cells of the medullary rays 
play a vital part in the distribution and feeding of the fungus as the hyphae pro- 
ceed to occupy the tracheids, for all the tracheids of the wood are everywhere 
at one level or another, in contact with the living parenchyma of a medullary ray. 
Not only are these living cells exploited and invaded, but the fungus, at the expense 
of being nourished by them, is enabled to proceed from tracheid to tracheid by 
means of boring through the lignified walls. 

In the larch, for a long time after infection, there is comparatively little 
mycelium within the woody cylinder and little interference with transpiration and 
the normal functions of the tree, so that many years may pass without any visible 
signs of disease above ground. When, however, it is seen that the leaves are 
turning yellow and falling prematurely, with branches here and there becoming 
denuded of leaves, such symptoms indicate that the woody tissues in root and 
stem are in progress of occupation by the fungus, but it may still take some years 
before the xylem towards the base of the tree fails entirely in its supply of water 
to the head. With the death of the crown, however, decay of the trunk proceeds 
apace. This advanced stage of the disease has already been referred to when de- 
scribing the xylostromata in the wood (p. 17). The discoloration of the diseased 
wood is apparently due to the occurrence of a gummy substance which is of a 
light colour when first formed but soon darkens to black, especially when exposed 
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to the air (Fig, 21). In the final stages of the rot great changes occur in the 
xylostromata, due no doubt to the action of numerous enzymes, and resulting in 
a disintegration of the wood. When the dead bark finally falls off, the dry, rotted 
tissues fall apart, some in thin black flakes (from the black zones) and some in 
clumps, with stringy white strands attached to them and, mostly under the bark, 
the characteristic shoe-lace rhizomorphs may be found in abundance. Armillaria 
thus kills the tree from the roots up, extending first under the bark and then into 
the wood of the trunk. 

A. mellea in its parasitism demands a high degree of humidity and does not 
usually attack stored or felled timber except under very damp conditions 

Owing to its capacity for existing as a saprophyte A. mellea is difficult to eradi- 
cate from the soil. But as far as practicable all infected stumps and roots should 
be dug up and burned. Careful watch should be kept for the sporophores ; it is 
not sufficient to destroy them, but they should be traced to their origin and the 
connecting rhizomorphs and food sources removed. As this method is very 
laborious, a frequent practice is to dig trenches around infected stumps deep 
enough to ensure that no rhizomorphs are left uncut. ‘ Bing barking ’ carried 
out sometime before the trees are felled, is also resorted to as a means of starving 
the fungus in the roots, thus preventing the flow of carbohydrates ; deciduous 
trees, in general, become depleted of carbohydrates more rapidly if they are allowed 
to break into leaf before being ringed ]n some localities ‘ gassing ' of infected- 
stumps and contaminated soil is carried out with carbon bisulphide, and the treat- 
ment is said to give better results in soils of low moisture content Iron sulphate 
sprinkled around the base of infected trees is stated to prevent spore germination 
and development of mycelium 

Broad-leaved trees, in general, are more resistant than conifers to Armillaria 
root rot, but in mixed woods of closed canopy the susceptible conifers are not so 
liable to be attacked. It is significant that in pure natural stands of coniferous 
forest Armillaria is rare, but if pure stands of conifers arc established on the sites 
of old broad-leaved forest the fungus flourishes luxuriantly 
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Heart Rot of Conifers and Other Trees, Fames annosus Fr. (Cooke) 

Fames annasus is the commonest cause of heart rot of the larch in Britain, and 
is responsible for very heavy losses on certain types of land. The fungus attacks 
other conifers as well as various hardwoods In Denmark, where 

it is often known as spruce red rot, it causes much injury to Norway spruce 
{Picea abies or P. excelsa)^ Sitka spruce (P. sitchensis)^ and the Weymouth pine 
{Pinus strobus). Pinus contorta and the silver fir {Abies alba) show an intermediate 
degree of susceptibility, while Douglas fir (Pseudatsuga dauglasii)^ larch {Larix 
decidua)^ and Scots pine (P. sylvestris) are fairly resistant Scots pine may, 

however, in some areas, as in south Scotland show severe damage, but in 
coniferous plantations in Great Britain this tree appears, in general, to suffer less 
than Norway spruce and European larch The disease, described below on 
the larch, is known throughout Europe and North America, and is found also in 
Australia, India, and northern and eastern Asia. 

Heart rot is most destructive to young larches up to 10 years old ; the infected 
trees turn reddish brown and drop their leaves, death ensuing in a year or two 
in severe cases. In older trees in the plantation the disease seems to appear when 
the canopy, has become closed ; from 15 to 45 years of age the trees are 
seldom killed outright, but the infection is tolerated and pursues an insidious 
course, gradually rotting away 
the heartwood until the trunk 
becomes hollow. There are 
few symptoms, apart from 
some loss of colour in the 
foliage, and even the sporo- 
phores of the parasite are not 
often to be found on the larch, 
so that it may be necessary, 
in order to judge the extent of 
the infection, to tap the trunks 
for a hollow sound or to take 
a boring from the heartwood. 

Infection occurs under- 
ground and seems to be 
usually through the tips of the 
deeper roots which have been 
killed back from one cause or 
another The fungus 



Fig. 423. — ^Heart rot of larch {Fomes annosus). Base of a 
larch trunk which has been excavated underneath. 
The lateral roots show figured rot^ whilst the tap-root 
and an anchor-root are completely rotted (Hiley’s 
Fungal Diseases of the Common Larch^ by permission 
of Oxford Clarendon Press) 
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enters through the dead tissues and passes upwards to the trunk through 
the deeper layers of the wood. The lateral, surface roots may be reached by an 
extension of the central infection from the collar of the tree or by direct attack 
from the surface soil in which the fungus grows and where it promotes acidity with 
consequent root-killing In young trees the surface roots are completely 
decayed (Fig. 423) and thin sheets* of mycelium may be found under the bark or 
there may be small pustules of dirty white mycelium on the bark. The surface 
roots of older trees are decayed only in the centre of the woody cylinder and may 
remain functional for a long time ; in the trunk decay is confined to the heartwood 
and is at first localised in small groups of tracheids with medullary rays. These 
become surrounded by a deposit of ‘ wound gum forming a black zone which 
may for a time isolate the decayed islands of tissue from the sound heartwood 
beyond result is a pitted condition which increases as new islands of 

decay form, until the wood is honeycombed with cavities. Sometimes the ad- 
vancing decay is annular owing to multiple invasion from the roots, and solid 
spikes of hard wood several feet in length are left isolated from a decayed outer 
ring of heartwood. More usually, however, the whole of the heartwood is involved : 
the cavities become confluent and a loose, yellow, spongy or fibrous mass remains 
which may be further broken down by wet rotting due to secondary bacteria and 
fungi. The sapwood remains sound and functioning, separated from the rotted 
centre of the trunk by a gummy or resinous zone across which the fungus does 
not pass. 

I'he mycelium reaches the inner wood through medullary rays in dead roots 

and enters the tracheids through the 



Fig. 424. — Fames annosus. Decay in the larch, 
causing small white pockets of rot, shown in 
the delignified specks in the decayed wood 
{Principal Decays of Softwoods used in Great 
Britain^ by permission of W. R. Day) 


simple pits. Here its extension is 
mainly axial, but the coarser axial 
hyphae give off fine branches which 
enter neighbouring tracheids through 
very fine bore-holes made by enzymes 
excreted only at the hyphal tip 
Dark, thick - walled hyphae with 
swollen ends accumulate here and 
there in the heartwood of the trunk, 
causing a black pitted appearance in 
section. These have been thought to 
be centres of enzyme energy, the 
product of which leads to solution of 
the middle lamella between the cells 
and the delignification of the cell 
walls. Both lignin and carbohydrates 
are destroyed No fewer than six- 
teen enzymes were produced by this 
fungus isolated from red cedar {Juni- 
perus virginiana) attacked in horth 
Carolina A bleached whitish 
cellulose residue is left for a time but 
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ultimately this is also dissolved. 
The fungus belongs to the ‘ white 
rotting ' group of wood destroyers 
(Fig. 424), attacking all con- 
stituents of the wood ; it is 
one in which action on the cellu- 
lose is delayed The wood 
is left light, dry, and yellowish 
in colour, often with persistent 
black spots Its alkali solu- 

bility increases with advancing 
disintegration 

Sporophores form more freely 
on other conifers than on the 
larch. They develop on the stem 
after death, either as hoof-shaped 
brackets at the base of the trunk or 
as resupinate crusts on the under 
side of lateral roots overlying cavi- 
ties in the soil due to surface 
wash or the burrows of rodents 
(Fig. 425). The upper surface is 
reddish-brown, the lower, white or 
biscuit-coloured and porous. The 
pores are lined with a hymenium of 
usually 4-spored basidia, 30 to 40 
by 8 to 10 fjL in diameter, inter- 
mingled with paraphyses. The 
obovoid basidiospores are hyaline 
and measure 5*5 to 7 by 4*5 to 5 /x. 
The sporophore is perennial, form- 



Fig. 425 — Forties annosus. Top, the sporophores on 
the root and crown, and on lateral roots, the latter 
probably overlying cavities or rodent burrows in the 
soil (photo by Rostrup ; by permission of P. 
Spaulding and Bur. Plant. Ind., U.S. Dept. Agric. 
‘ Tree Pest* Leaflet ; root rots of conifers, No. 18). 
Below', the sporophores at base of an old pine stump 
{Prim tpal Decays of Softwoods used in Great Britain^ 
by permission of W. R. Day) 


ing its fertile porous surface in layers year after year. Dissemination is partially by air. 


but burrowing rodents are believed to be liable to carry the fungus to new roots. 


Fames annosus grows well in culture, forming a colourless mycelium which becomes 
matted and fawn-coloured and may eventually develop a porous surface. Ellipsoidal 


terminal chlamydospores, 9 to 15 by 6 to i2/x, and EurotiumAik^ conidiophores bearing 
obovoid hyaline conidia, 5 to 8 by 3-5 to 6 /a,, are also produced. These conidia, which 
appear in no other species of Fomes <5), germinate like the basidiospores and conidial 
cultures have yielded small sporophores The mycelium forms acid vigorously »» *9) 
and has its optimum reaction for growth about />H4 to or pVLe ; in nutrient 

media it tends to adjust the reaction towards this level Its optimum temperature for 


growth is about 23° C. Oo), 


The disease is more severe in plantations on arable than on pasture or moor- 
lands *7) j possibly owing to deficient aeration of the ‘ plough pan early die- 
back of the vertical roots occurs in the former type of soil it is also more 
severe when conifers are grown in a second stand immediately following the first, 
presumably because the accumulation of raw humus leads to soil sourness and 

2G 


SELECTED DISEASES 


PT. II 


918 


death of lateral roots Soil acidity is one of the most important predisposing 
factors in infection, which is also more virulent in the larch on sandy soils than on 
clay though the reverse occurs in spruce ^^7). 

Strongly acid soils should if possible be avoided in planting conifers, owing to 
their tendency to induce heart rot. In moderately acid soils much can be done 
by preliminary removal of plants that promote acidity — bracken, heather, the 
Vacciniums, and the like — and leaving time for the decomposition of the raw 
humus at the surface of such soils. (In 1940, in Norw^ay, however, moorland 
plants of the heather type were believed to assist materially in the transmission 
of the parasite ) Lime and insoluble phosphates should be freely used in 
planting to counteract acidity. Young and middle-aged trees are prone to in- 
fection when the closing of the canopy leads to an accumulation of raw humus, 
so that heavy thinning is recommended when the stands arc 20 to 25 years 
old In starting a larch plantation physical and biotic requirements of the 

tree need to be taken into account ; seed from a racial stock of home origin 
is preferable to nursery seedlings, and during cultivation every effort should be 
made to induce shallow rooting and avoid deep penetrating roots, on account of 
their liability to asphyxiation in the subsoil 
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Larch Canker, Dasyscypha willkommii (Hart.) Rehm 

Larch canker is widespread in Europe, from humid lowland to high alpine 
situations ; infections found in America on introduced European larches [Larix 
decidua and L, leptolepis) are believed to have been eradicated 

There is much difference of opinion concerning the etiology of larch canker, 
a disease which causes great injury in young plantations in Britain. By some it is 
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attributed to the attack of the Discomycete Dasyscypha willkommii^ by others to 
frost, and others again invoke both these agencies acting together ; the last is the 
view which seems most satisfactorily to explain the symptoms and course of the 
disease. 

Dasyscypha has, however, been considered to be the primary cause of larch 
canker It is possible that failure to produce cankers by inoculation 

has sometimes been due to confusion between the parasitic species, D. willkommil, 
and the purely saprophytic D. calycina which almost invariably accompanies it, 
though it has also been claimed that they should be regarded as forms of a single 
species since all intermediate stages between them occur In the United States 
it is claimed that D. wiUkommii alone is associated with canker formation and a 
strain of the fungus received from America has been found in England to cause 
necrosis and die-back of twigs of Ijarix decidua in the absence of frost injury ^^3,) 
Nevertheless, according to some, if frost action were to be substituted for the 
action of the fungus the sequence of events in the development of the cankers 
as described below need not be seriously altered 

In young larch the cankers develop rapidly and arc usually fairly well estab- 
lished within the first six years of age ; they may completely girdle and kill seed- 
lings a year or two old. Injury diminishes with growth and practically ceases 
after 30 or 40 years Cankers on the main stem almost invariably appear 

at the base of a lateral branch which has died back (Fig. 426), or near a dormant 
bud At first they are simple swellings but later become open wounds 

forming an amphitheatre floored with dead wood and surrounded by raised tiers 
of swollen tissue. A copious flow of resin comes from them and may stream down 
the stem before hardening to a white crust. 

In Britain the larch is susceptible to frost injury in the spring from the end of 
March to the middle of May and again in the autumn from about mid- September 
The former period coincides with the renewal of cambial activity and the new 
cambium starting from the buds and pro- 
gressively developing downwards, often in 
localised patches around a bud or twig, 
is particularly liable to suffer from frost. 

This may kill or damage its tender cells 
while leaving the exterior tissues unscathed. 

The injury may vary from tree to tree or 
even in different parts of the same tree in 
accordance with the stage of cambial growth 
around a particular bud or shoot. 

The sequence of events leading to the 
formation of a canker may be attributed, as 
above mentioned, wholly to frost action or 
wholly to fungal infection. In Fig. 427, i, 
infection (or frost action) has occurred at 
a patch on the stem marked X. The 
effect is not to kill but to cause a portion 
of cambium AB to be stimulated to form 



Fig. 426. — Canker of larch. Canker show- 
ing origin from a branch, and subse- 
quently healed on one side ( x f ) (after 
Hiley , The Fungal Diseases of the Common 
Larchf by permission of Oxford Claren- 
don Press) 
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Fkj 427 — Larch tanktr Dia^?rams showing staj^cs in the formation of a canktr 1, infected patch 
of stem at X, the invading fungus about to afftet a portion of the wood cambium at AB, directly 
opposite 2, extension of the ‘ stimulus at X, but IB, not yet killed, has formed a layer of 
‘ abnormal wood ’ (see big 135) which has become covered over by normal wood 3, extension 
of fungus right down to the cambium at CO, which has been killed, so that no wood has been 
formed m this part, and here the external tissues are collapsing 4, the fungus has affected 
portions of cambium CE and DP\ as in AB (2), and abnormal wood is formed here 5, with 
exposure of the wood, the fungus extends further, as in CE, DF, and is starting at G and 
H 6, diagram of surface of a cankei showing de\elopment in form of an amphitheatre, each 
step coriesponding to a ring of wood in the previous diagrams , note the curling back of the 
wood at the inner margin of each * step ’, when the fungus is affecting the cambium as at 
C/i and DF in 5 (1-5, after Hiley, Eiingai Dneases of the Common Larch, by permission of 
Oxford Clarendon Press) 

abnormal wood, which, as we have already seen, consists of iso-diametnc par- 
enchyma containing starch and usually becoming lignified m place of the normal 
tracheids and medullary rays (Fig. 135). As the effects pass off, normal xylem 
IS again formed from the recovered cambium. Progressive infection, however, or 
a further spell of frost the following season, may actually kill this part of the 
cambium now shown m CD after adding an increment of normal wood over the 
abnormal AB. In the cambium contiguous to that killed, arcs of wound wood from 
injured but not dead cells again form (CE, DF) and abnormal wood is formed here 
as in AB. Meanwhile growth m thickness goes on, leaving the dead part (CD) 
behind, its flanks now fully exposed ; and the cambial cells which form the new 
flanks (G and H) are, in their turn, killed by fungal action or frost. With inter- 
mittent cambial growth and continued infection (or periodic incidence of frost) less 
and less wood forms on the infected (frosted) side of the stem, and with each 
addition of secondary wood beyond the killed zone, the latter (CD) recedes farther 
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from the surface of the stem, remaining as the floor of an amphitheatre whose 
step-like tiers are laid down on foundations of wound wood (Fig. 427, 6). In 
these tiers the margins of the cambiums are dangerously exposed to further in- 
fection or frost injury, the more so because they are known to show precocious 
activity in the spring and unduly delayed growth in the autumn. The result is 
that the steps of the amphitheatre get lifted and their edges torn aw^ay by recurring 
frosts and infection. 

During this process the canker finally opens to the surface. In the earlier 
stages it is covered by rather thin and inelastic layers of phloem and cortex. These 
become stretched by the increasing mass of wound wood so as to reach a state of 
tension. The rupturing of the bark occurs especially at thaws, when the melted 
ice in the cells swells the tissues ; the bark of the smaller twigs is raised into ridges 
and blisters which readily crack, while that of the larger stems may be violently 
torn. In the open wound a repetition of frost injury to the base of the steps en- 
larges the canker year by year. Shredding of the bark may be considerable and 
new frost cankers may form near the first and even fuse with it. 

At any stage a hardy tree may succeed in healing off and burying the earlier 
injured part under rings of normal wood. Very many cankers appear to become 
obliterated in this way, including nearly all forming in the older trees. In this 
process it is probable that the presence or absence of Dasyscypha willkommii is of 
critical importance. The fungus may be able to gain entry through the cork 
barriers of the stem by way of the dead snags or buds around which the deep- 
seated injury first starts. Even through these paths of entry, free passage is 
checked by a cork barrier which extends continuously from the surface to the 
xylem of the snag or base of the bud and is continued across the xylem by a gum 
barrier. Passage through this is believed to occur mainly at the junction of cork 
and gum barrier. The enzymes of the fungus disorganise the cells of the cortex 
and outer phloem but appear to be ordinarily unable to injure the actively growing 
tissues near the cambium. It has been claimed, however, that when an incipient 
frost canker has developed in the cambium of the stem at the point reached by 
the fungus the latter can continue its advance into the wood, especially if an arc 
of cambial cells has been killed. The new tissues at the edge of the canker are 
also, it is claimed, made more susceptible to frost injury by the action of the 
enzymes in raising the freezing point of the sap and reducing osmotic pressure 
through the production of tannin at the expense of the sugars This leads to 
further killing back of the edges and their colonisation by the fungus. When 
eventually the wood is invaded it is turned a deep reddish brown and the function- 
less tracheids of the inner wood become choked with hyph^e and wound gum. 

On this view the fungus acts as a saprophyte or a wound parasite, injuring 
some tissues by enzyme action in advance of its growth and enhancing liability to 
frost damage by raising the freezing point of living cells reached by its enzymes. 
Attempts to induce canker formation by inoculation with Dasyscypha frequently 
fail, and where they have succeeded it is not always certain that the action of 
adverse influences of the environment, such as frost, have been excluded. The 
disease is now widely regarded as primarily due to these influences in relation to 
the periodic activity of the cambium n, is, 20)^ 
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The fructifications (apothecia) of Dasyscypha willkomtnii (Fig. 39) are formed 
in clusters around the cankers, especially from August to March They resemble 
small shallow egg-cups, 2 to 5 mm. across, with short stalks, white outside and 
lined with a smooth orange-red hymenium which gets paler with age. They occur 
also in profusion on dead twigs and branches of the larch. They arise from small 
white cushions breaking through the bark and forming from February onwards 
(Fig. 428). The club-shaped asci measure 150 to 200 by 10 to 14 /x and contain 
in a single row 8 ascospores, which range from 20 to 23 by 9 to 10 /x in diameter. 
The fungus is reported to be homothallic Its complete life-cycle can be 

obtained in culture, ascospore germination being favoured on media with extract 
of larch cortex, glycerine and a temperature of 15^' to 22° C. Growth is 
impeded by an alkaline reaction 

The incidence of larch canker is reported by some investigators to be related 
to aspect, susceptibility increasing, for instance, on slopes receiving the morning 
sun and therefore thawing earlier than those shaded until later in the day 
But the frequency of cankers associated with Dasyscypha willkommii is said to be 
independent of aspect Deep and well-aerated soils promote vigorous growth 
of the larch and the healing of the cankers. In mixed plantations the deeper 
rooted hardwoods open up the soil, with the same result. 

Some measure of control over this disease may be secured by early pruning of 
the lateral branches which would normally die back when the tree is 5 or 6 years 
old. Painting over of growing cankers in older trees with tar is reported to have 



Fig. 428.~-Larch canker. Section of a ripe apothecium (from material collected in March) 
showing the dense hymenium of asci and septated paraphyses, as shown on right. The fungus 
has disrupted the deep-seated cork layers in the stem (cut longitudinally), and is present 
between these layers and those of the phelloderm in ^eater quantity than in any other tissues of 
the stem. Inset, the ripe ascospores, some germinating (in water) ; they are mostly unicellular 
(from a slide made by Jamieson) 
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given good results Frost injury can often be diminished by silvicultural 

methods directed specially to protect the young trees from cold currents of air 
The most effective measure that can be taken, however, is the selection of species, 
varieties, or races of larch adapted to the habitat ^7, is) ^ fairly wide range of 
types is available and others may become so by methodical breeding and selection. 
In Britain the best control of canker may lie in extending the propagation of the 
Scottish larch in suitable localities just as in Germany a type from the Sudeten 
border of Bohemia appears to enjoy comparative immunity from canker injury in 
certain areas with a similar climate to its original habitat 
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Meria Needle^-Cast of Larch, Mena laricis Vuill. 

This disease of the European larch {Larix decidua) and the western American 
larch (L. Occident alis), in Britain, attacks the trees chiefly in the nursery. It occurs 
in Europe on the former species, but so far there is no report of the disease in 
America. The Asiatic species (L. gmelini) and the Japanese larch (L. kaempferi) 
are resistant ; this type of leaf cast is, therefore, fairly specialised on its host. 

Leaf cast of larch was first discovered in France in 1895 It is caused by 
Meria laricis a member of the Fungi Imperfecti, about whose affinities 

very little is known ; it possesses different strains and cultural races 

The fungus is confined entirely to the leaf, and the intercellular, septated 
mycelium occupying the mesophyll consists of broad hyphae which give rise to 
much finer branches, both kinds having unusually thick walls ; there are no haus- 
toria. No definite fructification is formed on the infected leaf, and prior to spore 
formation the mycelium merely aggregates to form cushions in the substomatal 
cavities, and from these hyphal masses tufts of conidiophores are passed out 
through the stomata. 
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The conidiophores are i- to 3-celled, and short sterigmata are developed from each 
cell, terminal from the apical cell and lateral from the others ; from each sterigma one 
or more spores are produced in succession. The spores are colourless, unicellular at 
first, later bicellular prior to germination, a septum being laid down across the con- 
stricted middle of the spore ; they measure on an average 9*3 by 3*1 /><, at the broader 
diameter. The spore masses are very difficult to detect on the leaves in dry weather, 
but in a damp atmosphere conidiophores and spores are developed in abundance. 
Germinating spores sometimes produce small microconiclia (3*6 by i*4/x) of unknown 
function 

The disease attacks mostly one, two, or three-year-old seedling trees in the 
nursery, causing the leaves to turn brown and drop. It is only troublesome, 
however, in the one-year beds, though older trees up to ten feet high, or so, may 
also suffer from defoliation. Mortality is naturally higher in the seedling beds, 
but the disease does little harm to established trees except in so far as the loss of 
foliage impoverishes the wood and so brings about reduction in the height and 
girth of the tree. 

Early signs of disease in the nursery are seen a little later than on older trees. 
Seedlings in their first year are attacked usually about the end of June, the coty- 
ledons, as the only leaves formed by that time, being the first to suffer ; on older 
plants the disease appears on the young needles towards the commencement of 
May or the end of April At first, the early symptoms resemble somewhat 
the effects of frost on the leaves but are quite distinctive. Frost attacks the 
needles first at the extreme tips, and then browns and kills off the whole leaf 
almost immediately. This disease, however, generally commencing early in May, 
begins as one or more spots towards the middle of a leaf and thereafter the 
browning progresses downwards very gradually towards the base of the leaf, 
which finally goes brown all over. The disease extends no farther than the base 
of the leaves, which soon fall off, but frosted needles often remain on the tree for 
a long time 

In March or April young nursery trees which have developed dwarf shoots 
are early attacked, and the first spring infections occur on the leaves of these small 
side shoots, the source of infection being the old leaves on the ground. The leaves 
on the long shoots of unlimited growth, which do not appear until later, about 
May usually, are also in turn attacked. On the long shoots the needles may 
become infected at the tips, and the brown or yellowish-brown discoloration again 
travels down gradually towards the base of the leaf, but -before it reaches that 
point the leaves are often cast off. But the long shoots do not lose their leaves 
from the apex down ; the disease starts on those leaves which are situated some 
two or three inches from the apex, and as the forward growth of the shoot is not 
interfered with, fresh leaves continue to develop. The new leaves, in turn, are 
then attacked and meanwhile the older infected leaves below are cast off. With 
continued growth of the long shoots, which slows down towards September, 
progressive disease with defoliation results in considerable portions of these shoots 
becoming stripped of their leaves, but there is always a tuft of young leaves at 
the tips and these may remain until the tree divests itself of its foliage in the 
normal course of seasonal change. 
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The majority of infected leaves fall to the ground and the fungus survives in 
them throughout the winter, but it is often observed, especially among young 
trees, that quite a number of infected leaves may still remain on the trees during 
the winter and may not be shed until late in the following spring. When, therefore, 
growth is resumed and new leaves unfold, it is not improbable that the latter may 
get infected from spores carried in splashing rain-drops from leaves retained on 
the tree. The fungus, moreover, survives and even spreads in these retained 
needles during the winter, and in the fallen leaves may remain alive for a long 
time under moist conditions ; in dry weather it tends to die out of the needles on 
the ground. 

While the ideal conditions for natural infection appear to be dependent on 
high atmospheric humidities, successful inoculations of the leaves with spores 
are obtained when there is a low rate of evaporation from the leaf surface, coupled 
with the absence of wind so as to maintain a moist environment about the leaves 
until infection has become established. Infections usually appear in two to four 
days following a brush-over with the wet spores when the temperature is from lo"" 
to 25*^ C., but is much slower at low temperatures of to 5° C., while high 
temperatures up to about 30"" C. prevent them entirely. 

The appearance of this disease in fresh localities can usually be traced to the 
planting of young stock on which infection may have passed unnoticed. There is 
definitely no evidence that the trouble can be carried with the seed, and indeed 
the best method of avoiding the introduction of the fungus into new areas is to 
start with seed planting. 

On a small scale, removal and burning of all infected leaves on the ground 
would obviously prevent to a great extent the reappearance of the disease in the 
following season, but the method is hardly practicable in large plantations. 
Effective control, if carried out before the symptoms of disease appear, may be 
obtained by spraying, and for this several preparations are recommended, namely 
‘ amberene ’at 1-5 per cent, strength ; ‘ sulsol ’ at 0-3 per cent, with the addition 
of a wetting compound ; liver of sulphur at 0-7 per cent. ; or lime sulphur at i 
per cent. Any of these materials should be applied at the rate of 4 gallons of 
solution for every 100 square yards, spraying being carried out on dull but not rainy 
days ; the first application should be given at the end of February or early in 
March, and subsequent treatments should follow at intervals of a fortnight or 
three weeks. After the end of July, if the weather appears settled, spraying may 
be discontinued, as loss of foliage after that date does not cause serious harm to 
the trees 
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Needle Cast of Scots Pine, Lophodermium pinastri (Schrad.) Chev. 

Young seedlings of Scots pine {Pinus sylvestris) as well as trees up to 20 years 
old (mainly up to 5 years) often suffer severely from loss of foliage due to needle 
cast disease or pine blight. It is caused by the Ascomycete Lophodermium pinastri^ 
a member of the Hysteriales. The same disease attacks many other pines such as 
P, montana, P. nigra^ P. eembra, P. ponderosa^ and P. lambertiana 
It is very prevalent throughout North America and northern Europe, chiefly on the 
Scots pine, and is liable to appear after cold wet summers \ or very dry weather in 
early spring or after heavy frosts in the autumn 

On very young nursery seedlings the first signs of infection consist of small 
greyish spots, first on the primary leaves, then on the double needles from below 
upwards. This indicates that infection starts from spores conveyed by wind 
from the old leaves in which the fungus has wintered on the ground. On the 
young double needles, on older trees, as they emerge on the opening shoots, 
infections are very difficult to detect, and the general observation is that the 
needles are liable to attack just when they are about to attain their full size. This 
period of susceptibility is said to coincide with a condition of minimum acidity in 

the leaf tissues Early infec- 
tions on these, almost mature 
needles, consist of spots of vari- 
able colour, sometimes grey or 
yellow, or tinged with purple 
or red, but later, as infection 
becomes better established, the 
spots, at variable intervals along 
the leaves, are mostly brown in 
colour. Towards the autumn, 
affected needles develop a series 
of very narrow black rings which 
girdle the leaves at irregular in- 
tervals from base to tip, thus 
isolating the spots, singly or in 
groups, and dividing the needles 
into portions which soon turn a 
yellow-brown colour from the 
action of the spreading fungus 
within (Fig. 429). These black 
rings are actually the edges of 
diaphragms consisting of a few 
layers of altered mesophyll cells 
killed by the fungus, and there- 
after crushed and impregnated 
with a black gummy substance 
which on ‘ setting * makes these 



Fig. 429. — Needle cast of Scots pine {Lophodermium pinas- 
tri). Pine needle showing the apothecial spots ; note 
the black, transverse rings (see also Fig. 123) 
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partitions tough and resistant (Fig. 123). The black diaphragms do not go right 
across the leaf and extend only as far as the endodermis, so that the vascular 
bundles in the needles are still functional and will remain so almost until defolia- 
tion. But the cells of the mesophyll between the diaphragms are practically all 
destroyed by infection, and within these portions of the needles thus partitioned 
off from each other the fungus increases rapidly. I'he mycelium having replaced 
most of the mesophyll proceeds to become established at various places between 
the epidermis and hypodermis, and it is between these two layers, or more cor- 
rectly within the tangentially split epidermis, that it builds up its spermagonial 
and apothecial fructifications. 

The spermagonia are developed first, but the time of their appearance is variable, 
depending apparently upon locality and climate. In Britain they may be seen about the 
end of summer, as minute black specks, opening by an ostiole, or otherwise breaking 
irregularly around the margin. For the accommodation of a spermagonium the fungus, 
by dissolving the lower half of the epidermal wall, first displaces the thick sclerosed linings 
from a group of the epidermal cells (Fig. 1 50), so that when finally formed the sperma- 
gonium is covered by a portion of the cuticle and the outer half of the epidermal wall, the 
sclerosed thickenings meantime having been removed and deposited at the base along 
with the developing hypothecium. The narrow, bacilliform spermatia, 4 to 8 by 0-5 
are abstricted in great number from short pyriform cells on the hypothecium, and are 
extruded to the surface, embedded in mucilage. The apothecia follow later, and, while their 
development begins on leaves still on the tree, it is not completed until after leaf fall and the 
fungus remains dormant in the fallen leaves until the spring. They arise in the same way 
as the spermagonia, intra-epidermal, but are protected by a much thicker roof of pseudo- 
parenchyma made by the fungus after displacement of the sclerosed inner walls of the 
epidermis (Fig. 150 c) Apothecia may be laid down within defunct spermagonia or 

arise anew, very frequently along the angles of the leaf, singly or in opposite pairs, rarely 
fusing to form a stroma (Fig. 430). The apothecia are small, ellipsoid-conchoidal, about 
I'O by 0*5 mm., and shiny black (Fig. 429). The hymenium consists of numerous club- 
shaped asci which are 8-spored ; the ascospores are filiform, sheathed, unicellular and 
uninucleate, slightly curved, and measure from 90 to 140 by 1*5 to I'J fi ; paraphyses are 
slender ; dehiscence occurs along a median ridge lined with periphyses (Fig. 430). 
/.. pinastri is stated to be heterothallic ^*2^. 

The apothecia pass the winter on the fallen leaves, more or less covered by 
needle litter. From the end of June onwards ascospores are ejected and in- 
fections may start in July and continue until September or later. On moistened 
leaves the ascospores adhere firmly by virtue of the gelatinous sheath and pene- 
tration by a single germ-tube is stomatal. From a sub-stomatal vesicle one or 
more delicate hyphae first penetrate the guard cells and thereafter the fungus 
proceeds quickly into the mesophyll, which is destroyed soon after preparation 
has been made to establish the black diaphragms or partitions above mentioned 
(Fig. 123 b). After spermagonial development is over and apothecial initials are 
established, the fungus crosses the endodermis into the stele, to occupy the 
pericycle and phloem, but the lignified tracheids and the pitted cells of the trans- 
fusion tissue contain but few hyphae. Leaf fall is now imminent and may be 
brought about in two ways, either irf the normal fashion by absciss cork layers at 
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FiCx. 430 — Lophodermium pmastn A, diagram of transverse section of pint leaf showing two 
apothcua B, portion of sec tion of an apotheciuni at time of spore discharge. C, the inter- 
locking periph>ses along the median line of dehiscence />, dehiscence at the median ridge 
almost complete, showing pressure of the roof on the tip-) ot the paraphyses (after Jones, 
Ann. Bot.) 


the base of the dwarf shoot, or by a clogging of the tissues within the dwarf shoot 
with black gummy substance made by the fungus (Fig. 123 c). In the latter case 
the fungus, by penetrating the gum barrier, is sometimes successful in passing 
from the needles into the stem, but the extent of its invasion into the tree has not 
been ascertained and it is not known whether L. pinastri is capable of surviving 
in the tree in the form of a resting mycelium Primary infections appear to be 
due entirely to ascospores and the mycelium within the fallen leaves is said to 
persist for years, and is resistant to high temperatures but there is no 

evidence that the fungus can thrive as a saprophyte in the dead needles The 
fungus has been grown in culture, from ascospores, on sterilised dead needles (pro- 
ducing spermagonia but not apothecia) and on agar or gelatine media containing 
biomalt and citric acid ^2, is)^ 

Premature defoliation of Scots pine induced by L. pinastri is due mainly to 
the effects of excessive transpiration following, at least in part, upon the early 
crippling of the stomatal guard cells, and in the infected leaves hardly a stoma 
remains unexploited by the fungus. There follows, accordingly, much desiccation 
of branches due to disorganisation of the water balance, and in dry weather there 
is severe loss of foliage from which young trees fail to recover 
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‘ Needle cast ’ may be controlled on nursery pines by spraying with i or 2 per 
cent, alkaline Bordeaux mixture, the first application being given towards the end 
of May when the needles are about half developed, and another at the beginning 
of July ^‘^8" ^4, 15) j the spraying of older trees may be deferred until July, using 
2 per cent. Bordeiaux or Burgundy mixture, or a i in 32 solution of lime sulphur 
but the first applications are given in some areas as early as April and continued 
at 2 or 3 weeks’ intervals, until the autumn As the mycelium of L. pinastri 
is long-lived, all diseased plants and needles should be destroyed by burning, or 
deeply buried 
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Blister Rust of White Pine, Cronartium ribicola J. C. Fischer 

Blister rust caused by Cronartium ribicola occurs on the white or Weymouth 
pine (Pinus strobus) and other five-needled pines on which the aecidial stage in 
the life-history of this heteroecious fungus is developed ; the uredospore and 
teleutospore stages occur on the leaves of currant and gooseberry, the Ribes host. 
The disease is also known as the pine and currant rust ; it is not common on the 
gooseberry in this country. The rust is of much greater importance on the pines 
and economically of little significance on either of the Ribes hosts, on which it 
appears rather late in the season. 

On the currant the disease is confined to the leaves and does no direct harm to 
the bushes except that, by causing the leaves to turn brown and fall prematurely, 
the plants are weakened from repeated annual attacks, and the fruit crop gets 
smaller every year. The fungus does not live in a mycelial condition in the Ribes 
host over winter But the disease on the pines is very serious, for the fungus 
lives and grows under the bark from year to year, forming cankers, until the tree 
dies, and heavy losses are incurred on trees of all ages (Figs. 95, 431). 

Blister rust is believed to have appeared in Europe about 1854 on currant in the 
Baltic provinces of Russia thence spreading to northern and western Europe, 
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but probably did not appear in America until about 1898 though a much earlier 
date than this is also reported It is now widely distributed in the United States 
and Canada, and occurs also in Japan and Saghalien, so that it seems to be fairly general 
throughout the northern hemisphere 

Both wild and cultivated currant and gooseberry bushes are responsible for carrying 
the disease over to the pines, the ordinary cultivated black currant being the most 
commonly implicated. The rust attacks the leaves of the currant from about early June 
to autumn. These primary infections take place, of course, from aecidiospores conveyed 
by wind from the alternate pine host. The aecidiospores germinate (Fig. 432 R, s) on 
the lower side of the leaf, the germ-tubes entering through the stomata to establish an 
intercellular mycelium of binucleate cells, with haustoria, chiefly in the tissue around the 
sub-stomatal cavities and forming in these regions, just below the epidermis numerous 
sori which break out on the under side of the leaf as yellow pustules (Fig. 431 o) of uredo- 
spores These spores infect only the Rihes host and new generations of them arise at 
intervals of 10 to 14 days throughout the summer. These summer spores are viable for 
several months so that throughout the season there is extensive infection of currant and 
gooseberry bushes ; they infect the leaves in much the same way as the aecidiospores. 
The uredospores are orange in colour, with an echinulate wall, and measure from 21 to 
24 by 14 to 18 (Fig. 432 A, c, D, e). 

The teleutospores usually appear a little later, either in the same sori as the uredospores 
or independently from a similar mycelium of binucleate cells. The teleutospores of 
C. rihicola are arranged together in a very characteristic manner. They are not developed 
singly like the uredospores but in numerous aggregations of small thread-like columns 
which break out on the under side of the leaves (Fig. 431 h), and may continue to be 
formed to the end of the season until the leaves drop off. A column of teleutospores (Fig. 
432 f-k) is a cylindrical, more or less solid pillar of cells, hyaline or pinkish in colour, 
every cell of a column being a teleutospore. The teleutospore cells measure on an average 
16 by 42 /X, are binucleate when young, but in the mature cells the two nuclei fuse to- 
gether. The columns may be straight or curved and vary greatly in size, up to 2 mm. 
high, as well as in number per unit area of the leaf, according to the species of Ribes on 
which they grow. On the black currant they are far more abundant than on any other 
kind, and this may be one reason why this species causes relatively heavier infections than 
any other species of Rihes that may be found in the vicinity of pine plantations. More- 
over, its leaf is of firmer texture, and is said to defy the action of frost longer than any 
other of its kind The teleutospores survive for periods of from 3 weeks to 3 months, 
longer on fallen leaves on moist soil than on leaves retained on the trees. When they 
germinate, the teleutospores still remain together in their columns on the leaf (Fig. 432 j), 
the first to grow being the oldest at the top of the column, others in succession until the 
youngest at the base are reached Any number of the teleutospores forming an 
individual column may germinate, each producing a typical 4-celled promycclium or 
basidium characteristic of a rust fungus and bearing four sterigmata and sporidia or 
basidiospores (Fig. 432 k, l) ; the latter are small and round, and measure from 8 to 10 /x 
in diameter. Sporidia begin to appear about 12 hours after the promycelia are pushed out 
to the surface of the column, the optimum temperature for their production being from 
12° to 18° C., the minimum from to 1° C., and the maximum about 21° C. For a 
high percentage of germination, teleutospores should be from 96 to 216 hours old *>, 
and need high atmospheric humidity, of 96 to 100 per cent, saturation, but direct con- 
tact with water is not essential, a mere film being sufficient, and a pre-cooling or icing 
stimulates the getmination of sporidia 






Fig 432 — Cronartium rtbicola Ay section of small uredosorus ( x 250) J 5 , a binucleate cell from 

mycelium in leaf of Ribes C, a basal cell bearing a stalk cell surmounted by a nearly ripe 
uredospore, and a secondary uredospore initial ( x 425) D, a mature uredospore ( x 425). Da^ 
a binucleate haustorium from a cell of Rihes ( x 850) Ey germinating uredospore ( x 425) Fy 
a thread or column of teleutospores, m longitudinal section ( x 125) G, ditto ( x 525); note 
nuclei Hy a cross-section of a column ( x 260) /, three teleutospores, from tip and side of a 

column ( X 260) Jy four teleutospores germinating tn situ, iC, the germinating promycelium 
(basidium) Ly tip cell of promycelium showing sterigma and nearly npe spondium ( x 850). 
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The sporidia, conveyed by v^ind, are the means of carrying the disease over 
from the currant to the coniferous host, the pine. Infection from sporidia falling 
on the needle leaves occurs by direct penetration of the epidermis or through 
the stomata, during periods of deAV, heavy fog, or cloudy weather, and is favoured 
by rather high relative humidities and medium temperatures ^3, 37, 38) 

Provided they still retain their stomata, young twigs may also be infected in the 
same way ^3. 26)^ otherwise it is not deemed likely that the pine stem ever becomes 
infected except when the mycelium travels into it from the needle leaves. First 
signs of infection on the needles consist of yellow to brownish spots. On the 
Weymouth pine infections which become established in the needles on the first- 
and second-year shoots usually enter the stem and any older leaves attacked fall 
off, in the normal habit of the tree, before the fungus has had time to pass from 
them into the stem. But some species of pines retain their leaves longer than the 
Weymouth ; thus P. monticola keeps them for a year longer and there is usually 
heavier infection of the stem from the older leaves in this species. Accordingly 
those species of five-needled pines which keep their leaves longest suffer more 
severely from stem infections than those which discard the older leaves earlier. 
The number of stomata per unit area in the leaves of these various species is also 
considered to be a factor connected with relative susceptibility to blister rust 

Passing in from the infected leaves into the stem, the mycelium enters the 
intercellular spaces of the cortex and the phloem, and later becomes well established 
between these two tissues, wedging them apart so that much of the phloem becomes 
crushed against the wood. Accordingly cambial division in infected regions is 
much less active than in healthy parts of the stem, but the secondary wood is 
normal except that thinner increments of tracheids are added to the annual rings. 
But, so far, there is little interference with the stem functions, and not until the 
fungus has accumulated so much between cortex and phloem as to burst through 
the bark, does the infection become serious and a canker formed. Then, with the 
exposure and drying-out of the delicate tissues within, the cells perish, and there 
follows extensive splitting of tissues with copious exudation of resin in the vicinity 
of the canker. The enlargement of the cankers and continuous discharge of resin 
from the broken tissues is accountable for considerable injury to the tree. The 
extension of the lesion around, so as to girdle the twig or branch, is due to progress- 
ive cracking of the bark caused by the periodic swelling and drying of the exudate. 
Moreover, the impregnation of large portions of the cortex and phloem in the 
vicinity of a canker with resin results in a complete stoppage of the translocatory 
functions of the phloem and there is consequently much hypertrophy around the 
affected part (Fig. 431 f). 


M, sporidium. AT", an infected 12-year-old stem, infection having entered at the small branch ; 
the spermagonial (pycnial) areas, shown in black dots, and the near aecidial area on which the 
bark is cracked and broken ; in another season, the aecidial area will spread over the spermagonial 
area, and the latter will advance as far as the boundary ( x i). O, elements of a spermagonium, 
spermatial hyphae abstricting spermatia (pycnospores). P, part of a young aecidium, showing 
the ^fertile cells host cells (black) ; note haustoria and starch grains. Qy a chain of aecidio- 
spores, bCy basal cell, 1, interstitial cell, spy aecidiospore ( x 425). P, ripe aecidiospore ( x 425). 
Sy germinating aecidiospore ( x 425) ; note, partly verrucose and partly smooth, spore wall 
( X 212). Ty later stage (after Colley (adapted), J, Agric. Res.) 
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The period of incubation between infection and the first appearance of canker 
varies with the location (altitude), the season, the species, and age of the tree. 
On young trees of P. monticola, not over 5 years old, incipient cankers appeared 
in 6 months ; on trees 8 years and over, the period varied from 20 to 26 months, 
but only in very exceptional conditions do cankers ever appear in the year following 
that of infection ; they arise mostly in the second year and to a lesser extent in 
subsequent seasons Provided a branch has not been actually girdled 

with disease there is no serious die-back, but when girdling cankers appear low 
down on the tree entire branches or the whole tree may be lost XEe stubs of 
cankered branches may remain alive and harbour the mycelium up to 5 years ^*7)^ 

The spermagonia and aecidia are developed around the margins of the cankers (Fig. 
431 a-f). The spermagonia appear first (Fig. 432 n, o), from June to September usually 
in the second summer after infection They are laid down between the cortex and 
periderm which they break through to push forth the numerous spermatia embedded in 
a viscid fluid or nectar ; the spermatia are pyriform, 3*5 by 2*5 /jl and probably have 
a fertilising function during the development of the aecidial primordia <^4), "Phe aecidia 
come later, from 6 months to zl years or more, but usually appear in the spring following 
the first appearance of spermagonia The young aecidia arising as distinct sori, 

occasionally joining together, break through the periderm as thin yellow streaks at the 
edges of the cankers, from a bed of mycelium in which the cells contain at least two 
nuclei <5). The emerging aecidia (Fig. 432 p-s) are furnished with a prominent thick 
peridium ; the binucleate aecidiospores, separated by long, narrow intercalary cells 
(which finally disintegrate), are thick-walled, partly verrucose, orange coloured, and 
measure from 20 to 26 by 18 to 21 fx 

The aecidiospores are dispersed over extensive areas and are capable of 
germinating on currant and gooseberry bushes after many miles of travel by 
wind. It is estimated that the spores from pine to Ribes may carry in the upper 
air over distances of 300 to 400 miles Aecidiospores infect the Ribes host 

in the same way as the uredospores, and from a binucleate mycelium established 
in the leaf, sori of uredospores begin to appear in about 10 days Aecidiospores 
germinate best at a temperature of ii® to 12*^ C., up to 28° C., and this capacity 
of the rust to grow over a wide range of temperatures is of importance in the 
infection of currant and gooseberry trees growing in widely extended latitudes 
The Ribes host is susceptible to aecidiospore infection from the time the leaves 
emerge from the buds, up to about 16 days or so, after which resistance increases. 
Infection is obviously greatly dependent on variations in seasonal conditions ; 
thus an early spring by advancing the development of the leaves may help the 
currant to resist attack at a time when the production of aecidiospores is greatest. 
But this does not preclude infection in higher latitudes and in northerly places 
where spring is late and the Ribes host less forward than in lower latitudes. Con- 
ditions which advance spring in the north and retard it in the south tend, in general, 
to extend the range of conditions favourable for long-distance spread of the rust, 
and vice versa 

Few varieties of currants or gooseberries are resistant to this rust, but it is 
rarely found in this country on the gooseberry. The Norwegian Viking currant 
is highly resistant 
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The white pine (P. strobus) is very susceptible ; P. monticola is most commonly 
infected in North America ; P. lamhertiana and P. albicaulis are also subject to natural 
infection P. cembra helveticUy P^peuce, and P. excelsa are more or less resistant 

(2, 8, 29, 34)^ but in Upper Bavaria P. pence is slightly susceptible Recent 

studies in Wisconsin have shown that while a very high percentage of seedling 
selections of white pine subjected to natural or artificial inoculation developed 
cankers within a year, good resistance was found among grafted plants similarly 
treated, and trials with grafts and rooted cuttings give promise of high resistance 
among Wisconsin trees ^ 24 a) 

As the rust is not capable of spreading to the pines without the Ribes host, 
active measures have been undertaken, especially in North America, for the system- 
atic eradication of currant and gooseberry bushes (see Chapter I, p. 57). Where 
practicable, hand pulling and grubbing are resorted to, but on a bigger scale 
devStructive spraying is adopted. By this method extensive areas of the buvshes can 
be killed by the application of sodium chlorate, which must not be used unless 
mixed with calcium chloride which controls the fire propensities of the sodium 
compound The rust on the Ribes host may be controlled by spraying with 

4 : 4 : 50 Bordeaux mixture as soon as the buds burst into leaf 
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Needle Cast of Douglas Fir, Rhahdocline pseudotsugae Sydow 

Leaf blight or needle cast of Douglas fir {Pseudotsuga douglasii) was first de- 
scribed in Scotland in 1922 and the disease was probably introduced into this 
country about 1914 on trees from North America <2. 3)^ it has since been found in 
several parts in south-east England and is perhaps much more widespread in Britain 
than already known Its spread to Europe was probably from Scotland to 
Germany, thence to Holland either on nursery stock or, as has been suggested, by 
spore dissemination In Britain, three varieties of Douglas fir are susceptible 

to this disease to variable extent, the green viridis variety which is the common 
quick-growing type ; the slower growing blue variety, glauca ; and an inter- 
mediate form, caesia. The last named is the worst to suffer in all localities, 
followed by the blue glauca, while the green variety appears to be the least sus- 
ceptible generally, in Britain and abroad. In America, where the Douglas fir 
is recognised only as a single species {Ps. iaxifolia), al! forms of the tree are 
apparently attacked The disease seems to be generally much more virulent 
in Scotland and Europe than in America 

In North America and in certain parts of Germany young trees in the 
nursery, as well as established trees in close dense stands in the forest, up to 30 
or 37 years old (mostly from 15 to 30 years), are liable to attack \ but in Britain 
the disease has not been found in the nursery and is usually seen here and in other 
parts of the Continent only on trees from 10 to 16 years’ growth Older 

trees are, in general, immune from it and in mixed stands with broad-leaved trees 
Douglas fir is not so frequently attacked 

On the blue variety glauca with its slightly hairy branches, the symptoms of 
leaf-cast disease consist of purplish-brown patches on the leaves, giving the foliage 
a mottled appearance, but on the smooth-branched, thinner-leaved intermediate 
variety caesia, on which, as stated, the disease is more severe, the whole needle 
usually becomes discoloured and loss of foliage on this tree is more extensive. 
In America, outbreaks of leaf cast disease are spasmodic, epidemics lasting for 
about two years then dying down, but this is not the experience in Britain where 
the trouble shows no loss of activity ^^7), In general, by early spring the trees 
present a yellow-brown appearance and about the beginning of June are almost 
uniformly brown, as if suffering from the effects of frost. Indeed, the onset of 
frost, the effect of which may not be discernible for a long time may, By weakening 
the trees, render them susceptible to the disease. Repetitions of frost and disease 
for several seasons result in extensive defoliation, entire branches casting their 
needles in one year whereas they are normally retained for eight. In consequence 
there is a marked check to the seasonal increments in height, and the amount of 
secondary wood in the annual rings of affected trees becomes less and less every 
year 
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Leaf cast of Douglas fir is caused by Rhahdocline pseudotsugae an Ascomycete of 
the group Phacidiales. It forms its fructifications (only apothecia are known) on the 
leaves while still on the tree, and the leaves fall after the apothecia have discharged their 
spores (in this respect differing markedly from those of Lophodermium pinastri on Scots 
pine, whose spores are discharged from the fallen leaves), but whether spore dissemination 
may still continue from the discarded leaves is not known. But infected needles of this 
tree may be lost spontaneously during the autumn and winter before there are any signs 
of apothecia on them and leaves containing the fungus may remain on the tree without 
forming these fructifications at all a feature which suggests that Rh. pseudotsugae may 
prove to be heterothallic : several varieties of the fungus were found in America, which 
varied in the form of fructifications, spores, and pathogenicity The apothecia, 

established within the epidermis, are found on the under side of the leaf, in i or 2 rows 
on each side of the midrib ; they are brown, elliptical, and open along a median ridge 
exposing a deep orange-brown coloured hymenium ; the 8-spored cylindrical asci, 
interspersed with swollen -tipped paraphyses, are 115 to 125 by 17 to 21 p or, 113*9 

^53*3 ^5*7 ^9*4/^ ascospores are obliquely uniseriate or irregularly 

biseriate, hyaline, unicellular, but quickly become bicellular and constricted ; they 
measure from 17 to 21 by 7 to 10 /x ^*7) or 18*2 to 19*8 by 6*6 to 7*4 ft ; the spores are 
furnished with a gelatinous sheath which expands on the wet surface of the leaf prior to 
germination. 

Ascospores are ejected from leaves still on the tree at the time when the buds 
are opening, and young leaves become infected at this stage. Apothecia are de- 
veloped in the following spring the leaves meantime showing signs of infection 
before October when yellow spots appear on their under surfaces ; by the spring 
the spots are purplish-brown, and the apothecia developed below them are then 
mature, ready to disperse their spores The exact mode of infection is not 
known but is believed to be cuticular at either surface of the leaf Only the 
mesophyll appears to be exploited, the stele remaining free from invasion, and 
the mycelium does not pass from the needles into the stem. After accumulating 
in the mesophyll the fungus proceeds to build up the apothecia by collecting 
at various places inside the epidermis, portions of which therefore become split 
tangentially to accommodate the developing hymenium, in a manner similar to 
that described for Lophodermium pinastri (p. 926) or Rhytisma acerinum (p. 904). 

The water content of infected leaves is less than that of normal leaves of the 
same age. Since the stomata are no longer functional, transpiration is not con- 
trolled and the presence of mycelium in the sub-stomatal spaces greatly increases 
the surface area of evaporation, the final effect being the loss of the leaves due to 
reduced water control 

The relative immunity of the ‘ green ’ variety of the Douglas fir is said to be 
largely due to the comparatively late appearance of its buds, the tree apparently 
escaping the full virulence of attack because the maximum discharge of ascospores 
is over before the buds are open, whereas the other varieties, by maturing their 
buds earlier, expose their leaves when spore discharge is most active This, 
however, is not the general observation, for in western Oregon and Washington 
the green fir is liable to severe infection, though within its natural range it is not 
attacked to the same extent as the other varieties In general, therefore, a 
wider cultivation of the green variety is recommended ^7, n), jn the nursery, but 
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hardly practicable under forest conditions, good control has been obtained in 
Germany by spraying with i per cent. Bordeaux mixture plus alum (150 gm. 
per 100 litres) as an adhesive, applied at the beginning of May, and repeated at 
lo-day intervals for a month 

The Douglas fir is host for another leaf disease, called Swiss Needle Cast, also 
caused by an ascomycete, Phaeocryptopus gaeumannii (Rohde) Pet. Adelopus 
gdumannii) This disease has many features in common with the needle cast 

described, and has no doubt been long confused with it, especially as the two may occur 
within the same stand. It is widespread in the British Isles, especially in the western 
part of Britain, but is much more serious on the Continent, in Switzerland, Germany, 
and Austria The black, spherical fructifications of the causal fungus 

are easily distinguishable from the brown, elongated apothecia of R. pseudotsugae ; they 
are of the cleistocarpic kind (50 to 80 /i, diam.), formed during winter and early spring, 
in rows in sub-stomatal spaces on the under side of the leaves. Spore dispersal occurs 
in May and June. The numerous clavate asci (30 to 40 by 8 to 15^) contain eight 
uniseptate, hyaline, fusiform ascospores (ii to 15 by 3*5 to 5/i.). The spores infect 
the young developing leaves. Cleistocarps may continue to be formed on the affected 
yellowing leaves for two or three years before the leaves are cast off. Little is known 
about any methods for the control of this disease. 
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Phomopsis Disease of Douglas Fir, Phomopsis pseudotsugae Wilson 

This disease attacks several coniferous trees which include the Douglas fir 
{Pseudotsuga douglasii), the two species of larch {Larix kaempferi^ L, decidua)^ the 
firs {Abies grandis, A. alba), Tsuga {T, heterophylla, T, siebaldii), the three cedars 
{Cedrus libani, C. atlantica, C, deodar a), and Sequoia gigantea, the Californian 
giant fir. In Britain the disease is best known on the Douglas fir Although 

the range of hosts embraces a number of American species (the Douglas fir is a 
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native of North America), there is no record of the occurrence of the fungus causing 
this disease in the North American continent and the parasite, probably a native of 
Europe or the Old World, attacks the American trees only after their introduction 
to Europe, where the disease is now widely distributed *5)^ 

The Douglas fir, on account of its phenomenal rate of growth, is extensively 
planted in Britain, and on the Pacific slopes of North America it is one of the most 
valuable of all trees, yielding a high percentage of the timber exported from that 
locality. In Britain (as mentioned above, p. 936) two distinct species of the tree 
are recognised, namely the green Douglas fir (Ps. douglasii), sometimes referred 
to as the viridis variety, and the ‘ mountain *, or blue Douglas fir (Ps. glauca)^ 
together with a varietal form intermediate between the two, named Ps. douglasii var. 
caesta ; in America, however, the tree is denoted by the single species Ps. taxifoHa. 

This disease attacks the trees in early life, plants of 5 or 6 years old in the nursery 
being especially susceptible It causes a die-back of the leading shoot of these 
young trees, but older trees may also suffer severely if the younger branches are 
attacked and when a canker stage sets in later very heavy losses are incurred. 
Following upon the death of the tissues for variable distances along the young 
shoots or branches, partial or complete girdling of the shoots may occur, but in 
some cases, in addition to this loss of branches, the trunks of young trees may also 
be attacked at one or more places, usually about six inches above ground. I’hese 
infections, occurring low down on the tree, arise from the passage of the fungus 
into the main stem from snags of lateral branches already diseased, and result in 
the formation of cankers on the trunk. It is obvious that if such cankers are 
developed on young trees of narrow girth to the extent that the stems are girdled, 
serious losses in the stand are incurred. Cankers may also arise on the larger 
branches resulting, if girdling takes place, in their death. 

The disease may break out even within a year of planting, in the form of a die- 
back of the leader shoot, an observation which would appear to indicate that the 
young trees were either already infected or that they had contracted infection 
after planting out as a consequence, perhaps, of having been disturbed in the 
digging-up, and re-planting in a different environment, a factor which no doubt 
predisposes the trees to attack The fact that infection usually starts on the 
leading shoots or terminal parts of lateral branches, materially upsets the whole 
contour of affected trees, which, from deformity of growth, shorter stature, or 
bushy habit, contrast strikingly with the regular pyramidal form of healthy trees. 
Not only is the leader shoot early destroyed, but the next lateral which makes 
effort to replace it may also go the same way, and sometimes a third and a fourth 
attempt may be made by lateral shoots to carry on the growth of the tree. When 
the attack falls upon older, sixteen- to twenty-year-old trees, they almost invariably 
develop the canker phase of the disease, which, as already stated, is confined to the 
lower parts of the tree. In the spring diseased trees show considerable yellowing 
of the foliage, which deepens to a reddish brown by the middle of summer, and 
the trees may become an entire loss 

The Douglas fir is a host for several apparently closely allied species of the genus 
Phomopsis 3. 7, s. 0)^ of which Ph. pseudotsugae (Fungi Imperfecti) is the cause of the 
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present disease. This fungus forms its pycnidial fructifications on living and dead 
tissues, and though an ascomycetous type of the genus Diaporthe, named D, pity a was once 
thought to be the perfect stage, later work failed to substantiate this connection The 
pycnidia, arising under the epidermis, or bark, are densely distributed, and break through 
to the surface by longitudinal slits (on the Japanese larch the openings are transverse 
on the shoot) in the bark. They are black, partially erumpent, sub-globose, o-i to i-o 
mm. in diameter, bluntly conical, ostiolate ; incompletely locular or multilocular. The 
pycnospores, on long colourless sporophores 12 to 14 /x long, are hyaline and unicellular, 
from 5*5 to 8*5 by 2*2 to 4 ^ The ripe spores are exuded through the ostiole in a 

whitish tendril ; some larger pycnidia are multi-ostiolate. There are species of Phomopsis 
with two kinds of pycnospores, one kind fusiform in shape (the ‘ A * spores), as here 
described, and a second kind (‘ B ’) longer and curved, which this species does not possess. 

The Douglas fir appears to be very sensitive to the action of frost, especially 
within the first 10 years after planting out and in low-lying hollows filled with 
cold stagnant air or surrounded by a humid vegetation dominated by grasses and 
rushes, the tree is rendered very susceptible to this die-back and canker trouble. 
On the other hand, when the trees are more or less protected by a different type 
of vegetation such as bracken or bramble, they are much less liable to frost injury, 
and under such conditions are hardly ever attacked by this disease. 

Infections appear to occur at places on the shoots where surface injuries have 
followed frost action ^5. 6)^ or through wounds inflicted by insects, voles, rabbits, 
deer, or by pruning. Inoculations made into cuts on the branches develop success- 
fully at any time of the year The die-back condition may proceed on its 
downward path of infection so as to involve and kill the whole of the current year’s 
shoot, and may sometimes extend into the tissues of the second year and even into 
older growth. Whilst there is little discoloration at the seat of infection at the 
start, later a slight depression develops which becomes more and more sunken and 
dark brown in colour as the surrounding parts increase in girth by normal secondary 
thickening. The mycelium is present mostly in the cortex and resin canals, 
and quickly proceeds to replace the host tissues disintegrated. A canker on 
the trunk or on a large branch is initiated, as already indicated, from the broken 
end of a small lateral branch which had become infected, the mycelium spreading 
from it into the tissues of the stem in all directions ; if the stem is comparatively 
thin, the canker may encircle it completely, and as its progress entails the destruc- 
tion of all the tissues down to the wood cambium, transmission of elaborated food 
from the leaves is checked, with the result that the upper limits of the lesion 
become much swollen, and a hypertrophy of the stem just above the point of 
attack is often a characteristic symptom on four- to eight-year-old trees. In the 
case of older trees, however, canker formation on the trunk near the base is not 
usually accompanied by any marked hypertrophy, for the reason that older stems 
are rarely girdled by the disease. During development, the edge of a canker 
becomes raised by callus formation and numerous resinous blisters break out on 
the dead bark and around the lips of the cankers. The small black pycnidia are 
again in evidence around the edges of the cankers. Older trees of Douglas fir 
have much capacity for healing up their cankers, and on trees of twenty years 
and upwards all signs of cankers are usually obliterated. But despite such recovery 
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with advancing age, scars of the disease are still evident in the felled timber, for 
there must always be a blemish in the wood where abnormal secondary tissues, 
formed by an affected or frosted cambium, adjoin healthy wood ; such lines 
of fault in the timber are seen as dark zones, and, while the physical effect of the 
flaw may be small where only a single canker occurred, numerous cankers render 
the wood of little value as structural timber. 

Every precaution should be observed to avoid injury to young trees in the 
nursery, or during planting out, so as to prevent wounds. There can be little 
doubt that frost, especially when followed by rapid thaw, is responsible for much 
injury to this and many other trees and, when planting in frost areas cannot 
be avoided, it is recommended that a protective nurse crop such as birch or mountain 
pine be adopted, and in order to avoid wet, cold conditions, draining the area may 
also be found advisable. Little appears to be known about any varietal forms of 
Douglas fir in respect of any differences that might exist as to the time of leafing 
(flushing), but it would obviously be a great advantage to get a late flushing kind 
that would not be so sensitive to late frosts. No sources of infection should be 
left unburnt near the nursery, and any young trees suspected of harbouring the 
disease should be removed and destroyed 
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Other Rots of Standing Timber 


(a) CONIFERS 

Butt rot of coniferous trees in Great Britain affects larch rather more often 
than spruce, with Douglas fir coming next ; the pines suffer little damage from it 
until they are 60 to 70 years old and the silver fir {Abies alba) is even more resistant. 
Fotnes annosus (described above, p. 915) is by far the commonest cause, with 
Polyporus schweinitzii probably next in importance. Fotnes pinicola causes a butt 
rot of spruce comparatively rarely in Britain. The common butt rot of conifers, 
caused by Armillaria tnellea (described above, p. 907), is due to a limited extension 
of the fungus from the main roots into the base of the trunk. By itself it is not a 
cause of serious trunk heart rot, but it frequently accompanies and may open the 
way to the true butt rots such as that caused by Fotnes annosus. Heart rots of 
conifers that ordinarily arise as wound infections include, in Britain, those due 




Fig. 433. — A, Polyporus schweinitzii. Fruit body on soil near base of pine tree (photo by 
Wyatt Smith, Principal Decays of Softwoods used in Great Britain, by permission of H.M.S.O.) 
( X 1), B, Fames fraxineiis, on poplar (Mesopotamia) (Ann. App. Biol. 29). C, Polyporus hispidus, 
on a living ash at Nuneham Park, Oct. 1939 (Principal Decays of British Hardwoods and Ann. 
App. Biol. 29). £), Polyporus squamosus, from Nuneham Park, Oct. 1938 (Crown copyright 

reserved) ; reproduced by permission of the Director, Forest Products Research Laboratory. 
Ey Fistulina hepatica (Principal Rots of English Oak, H.M.S.O.) (xj). F, Polyporus hetulinus 
(Crown copyright reserved) ; reproduced by permission of the Director, Forest Products 
Research Laboratory. G, Stereum frustulatum (Principal Rots of English Oak, H.M.S.O.) 
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to Fomes pint and Stereum sanguinolentum. As these frequently affect the upper 
portion of the bole they are sometimes designated top rots. All these fungi show 
little host specialisation, each occurring on various coniferous trees and are, 
therefore, discussed here in a general way. The histological effects on the wood 
of fungi of this type have been already discussed from a number of examples in 
Chapter VL 

Polyporus schweinitzii (Fig. 433 a) is found in larch and spruce in Britain as 
the cause of a brown ‘ butt rot ’ next in prevalence to that due to Fomes annosus. 
In south-eastern Scotland Scots pine seemed to be attacked after the age of 70 
to 100 years In the United States, where different isolations have been found 

to differ considerably in cultural and physiological characters it causes much 
greater damage than the latter, following Fomes pini in prevalence and attacking 
various species of pine, spruce, fir, and larch, while in some of the pine forests 
of central Russia it is commoner even than the ubiquitous pini. In Sitka spruce 
and Douglas fir the decay begins as faint yellowish elongated streaks in the 
heartwood, followed by a brownish or reddish-brown discoloration and a cubical 
brown rot which becomes friable and is accompanied by a great loss in the tough- 
ness of the wood (Fig. 435 e). Even in the early stages of attack Sitka spruce may 
undergo a large reduction in strength and in resistance to impact ; part of the 
seriousness of ‘ dote ’ in airplane spruce is due to inability to detect this weakness. 
Some of the affected pines show a resin flux. It has been proved experimentally 
that the .fungus is a definite parasite of the roots of Pinus strohus under certain 
conditions, while in second-growth Douglas firs infection in the Pacific north- 
west is usually through fire scars. Sporophores may be found on superficial roots 
as well as on the bole near the ground or, occasionally, well above ground-level. 

Fomes pinicola (Fig. 434 d) also causes a red-brown cubical heart and sapwood 
rot of various conifers in Europe, North America, India, and Japan It is 

sometimes found in certain hardwoods such as poplar, birch, and willow, and has 
been recorded as a cause of heart rot of peach and plum in America. Like Fomes 
annosus and Polyporus schweinitzii there may be little external indication of its 
presence in the bole, but it can cause a rapid destruction of the wood with removal 
of cellulose and the development of cracks filled with white mycelium. Unlike 
most other wood-destroying fungi, considerable differences in cultural characters 
and physiological activity has been found in isolations of F. pinicola from different 
coniferous hosts in North America, but these differences do not extend to host 
specialisation As a butt rot it has been reported to cause severe injury to 

pine and spruce but it is comparatively rare on the latter host in Britain. 

Fomes pini (Fig. 434 ii) is perhaps better known to foresters as Trametes pini, 
though its perennial, stratified, porous hymenium places it better in the genus 
Fames, It is extremely prevalent and destructive in large areas of the coniferous 
belt of the northern hemisphere, occurring on many hosts (pine, spruce, fir, 
larch, deodar, Douglas fir, Thuja, etc.) and causing what is often termed ‘ heart 
rot *, red or ring scale, or, in the United States, conk rot. It is the most widespread 
of all the wood-rotting fungi of North America and is, perhaps, the most destructive 
of all fungus parasites of coniferous trees. Infection of the heartwood occurs 
ordinarily through broken branches containing heartwood, most frequently in 




Fig 434 — A, Fomes tgmartusy fruit body on willow, Nuneham Park (Crown copyright reserved) , 
reproduced by permission of the Director, Forest Products Research Laboratory B, Fomes 
fomentartuSy fruit body on birch, Scotland {Ann App Btol 29) ( x /©) C, Ganoderma 
applanatumy on living beech, Knole Park, Sevenoaks, 1933 {Ann App Biol 29) ( x £), 
Fomes ptmcola {Principal Decays of Softzcoods used in Great Bntainy H M S O ) B, Polyporus 
sulphureusy from Beech Knole, Oct 1929 {Principal Rots of English Oaky H M S O ) ( x i) 
by Fomes ulmariuSy on common elm, Oxford (Crown copyright reserved) , reproduced by per- 
mission of Director, Forest Products Research Laboratory ( x ?) G, Polyporus dryadeuSy at 
base of oak, Knole Park, Stvenoaks, 1934 (Crown copyright reserved) , reproduced by per- 
mission of the Director, Forest Products Research Laboratory ( x y) Hy Trametes ptniy on 
Scots pine {Principal Decays of Softwoods used in Great BritaWy by permission of W R Day) 
( X J) /, Trametes ptniy wood decayed by the fungus (Crown copyright reserved) , reproduced 
by permission of the Director, Forest Products Research Laboratory 
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the upper bole, so that some of the hosts are seldom attacked before they are about 
30 years old Later the rot may extend into the sap wood ; sporophores are 
generally found at the site of the old branch stubs and there may be strands of 
felted brown mycelium at the base of dead twigs. A copious resin flux may prevent 
the external development of the fungus. Wound infection from spores is believed 
sometimes to occur at the base of the tree and to cause a limited butt rot, but 
usually the whole trunk becomes infected. The fungus is one of those causing 
ultimately a white rot of the wood, for it attacks lignin equally with cellulovse, 
with the result that though the first reaction is frequently a purple or reddish 
discoloration turning to yellowish brown, a white pocket rot follows, marked 
in Douglas fir by a riddling of the heartwood with small white cavities between 
which the wood appears sound ; different hosts vary somewhat in the type, 
colour, and sequence of changes produced in the heartwood but infection 
usually brings about a great loss of strength, though the trees may live to a great 
age owing to the relative immunity from attack of their functionable wood. In 
the Aleppo pine in the south of France the spring wood succumbs to decay before 
the autumn wood ; the fungus ceases to grow when the host is killed, but it is 
then often followed by Fames pinicola which completes the decomposition of the 
wood In Germany, where T. pini causes losses amounting to millions of 

marks annually, a systematic campaign for its eradication from the State forests 
by felling all affected trees was in force for some time before the war. 

Stereum sanguinolenturn (Fig. 435 d) causes a ‘ red stain ’ top rot of the heart- 
wood of living spruce, fir, pine, larch, and Douglas fir in Europe, North America, 
and Australia. Like Trametes pini it enters through branch stubs and may extend 
down inside the bole to the base of the tree, causing a butt rot in the older trees. 
It belongs to the white rotting group (like all species of the genus Stereum), causing 
first a reddish-brown mottle in the heartwood and then white pockets of decay. 
In a severe outbreak observed in Idaho external symptoms were few and in- 
conspicuous, though in Douglas firs the base of the stem showed whitish streaks 
and there was a marked resin flux in spruce and fir ; at the collar of the trees the 
bark was loose and showed a white mottling on its inner surface, while the sap wood 
was greyish brown and soft ; the course of the infection appeared to be from the 
bark to the sapwood and thence into the heartwood, instead of the Usually reported 
direct invasion of the heartwood. In balsam fir [Abies balsamea) in Canada 
the affected heartwood is firm, water-soaked, and reddish brown, with rays of 
the same colour extending out for an inch or two into the sound light-coloured 
wood ; white mycelial sheets may form in the wood and persist until an advanced 
stage of decay when the wood turns light brown, loses weight, and becomes dry 
and friable. Sporophores are found on the standing trees and develop freely on 
the dead wood. 

(b) HARDWOODS 

Amongst the more important causes of decay in the wood of living dicotyledon- 
ous trees in Great Britain a) are Polyporus sulphur eus, P. squamosus, P. betulinus, 
P. hispidus, P. frondosuSy P. dryadeus. Fames foment ariuSy F, igniaritesy P. fraxineuSy 
F, ulmariuSy Ganoderma applanatuMy Stereum hirsutumy S.gausapatumy S.frustulatumy 
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and Fistulina hepatica. Most of these attack several hosts and their range may even 
include conifers, just as some of the softwood parasites already described can attack 
hardwoods ; a few, however, are more closely specialised, as Polyporus betulinus 
on the birch and Stereum gausapatum on oak. 

Polyporus sulphureiis (Fig. 434 e) is a common cause of butt rot of the heartwood 
of oaks in Europe the LTnited States, South Africa, and elsewhere, entering 
usually through wounds and fire scars ; a variety of the fungus has been described 
as a cause of root rot of oaks in the United States. It causes a severe heart rot of 
sweet chestnut {Castanea vesca) on the Caucasian side of the Black Sea and attacks 
C. dentata in America. Other hosts include beech, birch, poplar, willow, walnut, 
acacia, eucalyptus, pear, plum, and cherry. It is common on conifers in Siberia 
and on yew near the Black Sea, while firs (Abies) arc its chief softwood hosts in 
Canada where, and in the United States, Douglas fir and larch are also infected. 
Conifers are less liable to be attacked than hardwoods in Europe. It causes a 
cubical brown rot due to the formation of shrinkage cracks which isolate the wood 
into cubes, the cracks themselves being frequently filled with thin mycelial sheets ; 
the water-conducting tissue may be extensively decayed while the medullary ray 
cells are still intact. This is followed by a dry powdery decay which ends in hollow- 
ing out of the bole ; death may ensue in a few years (Fig. 435 a). Poplars suffer 
from a red rot and cracking of the wood. 

Polyporus squamosus (Figs. 34, 433 d) occurs on various hardwoods in Europe, 
North America (where it is not common) India, and Australia. In Britain 
it is the commonest cause of decay of the heartwood of the walnut and of the upper 
part of the elm, and it is frequently found on sycamore and other species of Acer, 
The latter (maples) seem to be subject to its attacks in New England, as are beeches 
in the Carpathians. Horse chestnuts (Aesculus hippocastaneum) and species of 
Pyrus are other British hosts of this fungus. It is a wound parasite, entering 
chiefly through broken branches possibly in the same way as Stereum purpureum 
(p. 763), since its spores are small enough to be sucked into the vessels (^ 3 ,^. 
The decay is of the white-rot type and is confined mainly to the heartwood, so 
that the fungus cannot be regarded as an active parasite of living elm tissues though 
responsible for much of the loss of large branches and even whole trees, to which 
the elm is notoriously liable from weakening of the heartwood. The mycelium 
extends upwards and downwards from the seat of infection, at first in the central 
tissues then extending outwards ; eventually the trunk becomes hollow, following 
the reduction of the wood to a stringy or spongy white mass often mixed with 
mycelial wefts. The hyphae penetrate the cell walls freely through bore-holes 
which subsequently enlarge. The walls are progressively thinned, the less heavily 
lignified ones first. White strands or sheets of mycelium divide up the wood 
while black lines occur especially near the sites of the sporophores, forming the 
so-called xylostromata or pseudosclerotia. 

Polyporus betulinus (Fig. 433 f) occurs throughout most of the geographical 
range of the birch, a host to which it is restricted in nature In England it is 
much the commonest cause of decaying in standing trees, but this is not the case 
in the north of Scotland where Pomes fomentarius is equally prevalent on this host. 
It is a wound parasite, affecting first the sapwood and then extending irregularly 
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into the heartwood, leaving islands of sound tissue behind. The rot produced 
in sap- and heartwood is red-brown and cubical, the affected tissues becoming 
soft, light in weight, and crumbling to powder. Quite young birches which have 
been weakened or injured from other causes may become infected, as penetration 
may occur without exposure of the heartwood. 

Polyporus hispidm (Fig. 433 c) attacks a wide range of forest, ornamental, 
and fruit trees in Europe, America, Australia, and Asia. In Britain it is common 
on the white ash {Fraxinus excelsior) and is less often seen on the black ash 
{F, nigra) to which it is almost restricted in the United States Infection 
is generally through branch stubs (which may be devoid of heartwood) towards 
the upper part of the bole. From the medullary rays and wood parenchyma the 
hyphae pass through the pits into the conducting tissues, extending up and down 
rapidly in the heartwood and more slowly in the sapwood. Passage through the 
tracheid walls is by bore-holes and may lead to the lumina being choked with 
mycelium. The affected wood is changed to a uniformly soft spongy mass which 
may be chalky in appearance and is delimited by dark-brown lines, or a fine white 
streaky mottle may result. The wood becomes ‘ brash ' in texture and undergoes 
considerable loss of weight ; mechanical tests may be necessary to reveal early 
injury to it. liventually pockets of decay form, filled with wefts of mycelium. 
In Asiatic Russia P, hispidus is very prevalent on walnut and has been reported 
as killing whole apple orchards ; old apple trees are commonly decayed by it in 
Britain, where also the elm, walnut, plane, and sycamore are occasional hosts. In 
France and Kashmir, mulberries (including those used for feeding silkworms) are 
often attacked. The fungus is also associated with a canker of the oak in the United 
States due to infection of the heartwood from a branch stub with the production 
of oval areas of white crumbling wood surrounded by swollen callused margins and 
covered by bark ; these may be several feet long and occur from ground-level to at 
least 35 feet up the stem, so that they greatly diminish the value of the wood 

Polyporus frondosus (Fig. 435 f) and P. dryadeus (Fig. 434 g) cause a white 
butt rot of oak heartwood in Britain. The former which probably starts from 
the roots, resembles in its effects the commoner rot caused by Stereum frustulatum 
(Fig. 435 b) except that the white pockets of decay are less well defined. P. drya- 
deus also affects the roots but seldom extends more than a few feet into the base 
of the trunk and its action as a parasite is slow. In the white fir, Abies concolor, 
the sporophores of P. dryadeus may be found at the collar of infected trees. 

Fomes fomentarius (Fig. 434 b) is widely distributed in Europe, North America, 
Asia, Australia, and North Africa on beech, birch, poplar, maple, olive, and some 
other hosts. Though the heartwood is usually first to show signs of decay in living 
trees, in culture the fungus can destroy heartwood and sapwood at equal rates. In 
the beech it may cause a vertical furrowing of the trunk, due probably to the 
cambium being reached and killed in elongated strips while secondary thickening 
proceeds on either side. Sporophores are reported to be rarely produced on living 
infected birch and beech in New England. In Germany and south-eastern Europe 
it is not uncommon on old beech stands, sometimes decaying mainly the sapwood 
and leaving the heartwood intact though reddened. As lignin and cellulose are 
attacked simultaneously the fungus belongs to the ‘ white rotting ’ group of 




Fig. 435 — A, Polyporus sulphurem^ the rot in oak (Principal Rots of English Oak^ H M S.O.) ( x 3 ) 
Stereum frustulatum (Principal Rots of English Oaky H M S.O.) C, Stereum gausapatum 
( S. spadiceum)j showing white pipe rot , infection takes place through small dead branches 
and spreads into main trunk (Principal Rots of English Oaky H M S.O.) ( x i^^j) Z), Stereum 

sangmnolentumy causing a red discoloration in Norway spruce (Forestry y ii, 1937) (Principal 
Decays of Softwoods used in Great Britainy H M S O ) ( x ^). Ey Polyporus schweinitziiy cross- 
section of decayed pine trunk ; note mycelium in the cracks (about I natural size) (Principal 
Decays of Softwoods used in Great Bntatny by permission of W. R. Day). F, Polyporus fron- 
dosus (Note on a Heart Rot of Oak Trees caused by Polyporus frondosus Fr. ; Forestry y 14) ( x J). 
Gy Fomes ulmanusy on elm, decayed from butt (Arm. App, Biol. 29) ( x 
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wood destroyers, its effect being eventually to produce a white mottled rot with 
black lines demarcating the decayed areas, which become brittle. In Scotland, 
Germany, Russia, the United States, and Canada F. fomentarius is prevalent on 
birch, especially when over-mature. The Scottish form of the parasite has some- 
times been confused with F, igniarius (Fig. 434 a) or P. nigricans but has been 
found to be only a hard north European form as distinct from the soft, light- 
coloured, rapidly growing type occurring farther to the south ^*7)^ The rot it 
causes on this host has been described as laminated, as distinguished from the 
cubical, pocket, and powdery rots due to other fungi. The mycelium develops 
chiefly in the medullary rays and vessels of the wood, often completely filling the 
vessels. On poplars in France it is believed to enter through the wounds caused 
by pollarding, and its subsequent progress is slow ; in beech, also, infection through 
the crown is frequent, but the top rot of this host caused by it commonly in Scot- 
land and on the Continent is replaced in England, where F. fomentarius is very 
rare, by that due to Ganoderma applanatum. Sycamore {Acer pseudo- plat anus) 
and alders are also attacked in Denmark, cork oaks {Quercus suber and Q. Occident alis) 
in the Caucasus, and walnuts in central Asia. 

Fomes igfiiarius (Fig. 434 a) is not uncommonly found in company with 
F. fomentarius on birches, and the decay due to the latter fungus in Scotland was at 
one time often attributed to it. In Canada also it is a much less common birch para- 
site than F. fomentarius ; thus, in an over-mature birch stand in Quebec F, fomen- 
tarius was the cause of 71 per cent, of the infections, F. igniarius of 8 per cent., and 
both together of 21 per cent. F. igniarius has much the same geographical distribu- 
tion as F. fomentarius and attacks an even wider range of economically important 
trees than the latter, but in England it is almost confined to willows. In some 
parts of the United States and northern Europe it is the chief cause of heart rot 
of aspens {Populus tremuluy P. tremuloides, and P. grandidentata) Other 

hosts include white poplar, birch, oak, beech, elm, maple, willow, and alder as 
well as fruit trees such as apple, pear, plum, walnut, almond, and occasionally 
the grape-vine. There is evidence that three forms of the fungus can be distin- 
guished morphologically and culturally in America, one limited to aspen, one to 
birch, and the third on miscellaneous hosts Like F. fomentarius it causes a 

white rot which, in aspen, at first affects only the central heartwood, causing 
the development of a yellowish-white area bounded by streaky greenish-black 
lines ; these extend and the wood breaks down at the centre. Later the rot extends 
to the sapwood and may reach and kill the cambium. The later stages of decay 
are marked by black concentric rings ; eventually the wood of both aspen and 
birch is completely decomposed, the fungus being one of those by which lignin, 
cellulose, and pentosans are all equally dissolved. Entry is through wounds and 
fire scars as well as through branch stubs, but infection is usually limited to a 
few feet upwards and downwards from the seat of infection, this point being fre- 
quently marked by the development of a sporophore. In yellow birch {Betula lutea) 
cankers covered by the bark and a hard black fungal layer may result, in the United 
States, in sporophores developing around their margins after death of the tree 

Fomes fraxineus (Fig. 433 b), in addition to the ash, has been found on living 
* acacia * {Robinia pseudacacia) elm, and beech in England, and on various other 

2 H 
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trees in Europe and North America. It is a sap wood and heartwood parasite causing 
in culture on ash wood much loss of weight in the early stages-^ later the heart- 
wood is converted into a crumbling whitish decayed mass. Though comparatively 
rare in England, it may cause a serious butt rot of affected trees. 

Fomes ulmariiis (Figs. 434 F, 435 g) is common on elm trees in England where 
it is the chief cause of butt rot, as Polyporus squamosus is of the upper wood rot, 
of this host. It causes a brown rot in which the wood separates into oblong blocks, 
and affects usually a conical area of heartwood at the base of the tree, sporophores 
developing near ground-level or inside old basal hollows. Infection seems to be 
ordinarily through bark wounds. 

Ganoderma applanatum (Fig. 434 c) occurs on a wide range of hosts in Britain, 
where it is commonest on the beech and is probably the most frequent cause of 
decay in standing poplars ; it is also often one of the causes of rot in living willows, 
horse chestnut and sycamore and less often in elm, walnut, and various other 
trees. It is found both in temperate and tropical countries, appearing in a number 
of growth forms which have sometimes been given distinct names It 

causes a white rot of the heartwood beginning with whitish streaks which, 
as they decay, tend to separate the wood into oblong pieces. Later the decay 
extends, causing a uniform, white, soft spongy rot, demarcated from the sound 
wood by a dark-brown zone of cells containing wound gum and tyloses. This 
zone resembles in character and function the blocking layer which has been already 
described as protecting pruning wounds against infection by such fungi as Stereum 
purpureum (p. 763) ; on the mulberry in America it may not develop and the 
hyphae may extend into the apparently sound wood. Another type of dark line 
develops between areas of wood occupied by Ganoderma applanatum and those 
colonised by other fungi hyphae penetrate the cell walls by bore-holes 

which subsequently enlarge. The fungus is a wound parasite, entering trees 
such as the beech through branch stubs, especially those left by loss of the larger 
branches. In tropical plantation crops, such as oil palms, tea, coffee, and the like, 
the roots and base of the stem are sometimes the sites of greatest injury. 

Stereum hirsutum is found usually on the oak but also attacks beech, stone fruit, 
and the vine in Europe and eucalyptus in South Africa. It can cause a serious 
decay of heartwood and sapwood of the white rotting type but beginning as brown 
spots interspersed with whitish strips and patches. The heartwood may resist attack 
long after the sapwood has been invaded. The form on the vine, regarded at 
one time as a distinct species, S. necatoty is the cause of the serious disease known 
as ‘ esca ’ or ‘ apoplexy ’ in southern and eastern Europe and the Levant. The 
fungus is a common and very active cause of decay in cork oaks {Quercus suber 
and Q, occidentalis) in the Caucasus and of the former species in North Africa, 
but in English oaks it seems to cause injury mainly to the wood after felling. 

Stereum gausapatum (Fig. 435 c) is similar in its effects to S. hirsutum but is 
restricted to the oak, to which it is a major cause of damage in the United States 
PTance, and certain British forests. In the latter its prevalence has been ascribed 
to over-wide spacing of the young trees, with the result that when the canopy 
closes many of the lower large branches that are killed contain heartwood arid 
afford channels of entry to the fungus. In pollarded oaks entry is apparently 
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directly into the parent stump. The fungus causes a white ‘ piped rot ’ of heart- 
and sapwood, beginning as small brown oily spots and then spreading in con- 
centric zones. Eventually yellow or brown bands form, especially in the spring 
wood, separated by white elongated streaks which give a characteristic mottled 
appearance. In the final stages all the wood becomes pale, brittle, and useless. 
Spread downwards is rapid but upwards very slow ; the butt usually escapes but 
the rest of the trunk may be internally decayed. Sporophores are usually found 
near the points of entry and furnish the best means of distinguishing between the 
rots caused by *S'. gausapatum and S, hirsutum since the decay caused by both is 
very similar. The name S, spadiceum which has been used in France and Britain 
is now usually considered to be a synonym. 

Stereum frustulatum (Fig. 433 g) is the cause of ‘ partridge wood ’ of the oak, 
a decayed condition of the heartwood in which irregular white spots appear in 
the browned wood, usually of the upper part of the tree, and develop into oval 
or spindle-shaped cavities, separated by firm brown walls. External symptoms 
are slight, but the infected wood rapidly becomes useless. Like Stereum gausapatum 
entry is probably through wounds exposing the heartwood, but it also takes place 
through fire scars both in the base and upper part of the trunk. 

Fistulina hepatica (Fig. 433 e), the ‘ beefsteak fungus causes a sap and heart 
rot of the oak and sweet chestnut, producing, before infection has advanced suffi- 
ciently to injure the strength of the wood, the so-called ‘ brown oak ’ which is much 
valued by timber merchants Decay ceases to progress when the timber is 
prepared for use, the fungus losing vitality gradually after felling. The fungus 
is common on pollarded oaks, presumably as a wound parasite, and is stated to 
cause a rot similar to, but less common than that due to Stereum gausapatum in 
the United States ; in Britain the rot is greyish brown, resembling tortoiseshell. 
In several species of eucalyptus, including the valuable jarrah wood [F. marginata), 
Fistulina hepatica produces what is known in Australia as ‘ pencilled wood ’ <29) 
The wood is marked by dark streaks about a millimetre broad extending vertically 
and also radiating outwards from the centre. They are caused by an infiltration 
of the lumina of fibres and vessels with ‘ kino a heavy, dark reddish-brown gum. 
The fungus seems to remain active in the wood of living trees for many years, 
causing a heart or pith rot, a decay of pockets of sapwood, and yellow-edged 
pin-holes, in addition to the pencilling 

Control of Fungi causing Decay in Trees. — It is evident that few of these fungi 
are susceptible to direct control. Indirect measures such as close planting to 
prevent die-back of large branches containing heartwood when the canopy closes, 
or the growth of mixed instead of pure stands, have a certain value against some 
fungi. More important is the choice of races of the host adapted to the locality 
in which they are grown. A sharp distinction must be drawn between the con- 
ditions prevailing in the virgin forests which still cover a good deal of the land 
surface of the globe and the replanted woodlands of the British Isles and much 
of continental Europe. In the former, decay is predominantly due to fungi that 
attack the older trees and may do little damage to those of the age classes below 
60 or 80 years ; in the latter it is mainly caused by species like Fomes annosus that can 
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infect young stands. In the first type a knowledge of the optimum date of felling is 
all important, and once a regulated rotation is established with this in mind, great 
improvement may be expected * K It has been pointed out, for instance, that Fomes 
igniarius is unlikely to cause much damage to aspen plantations grown in rotations of 
about 50 years. Selective felling of infected trees is not easy to carry out in regularly 
worked forests, but reference has been made above to the German efforts to accom- 
plish it as a means of reducing injury from Trametes pini^ and it may sometimes be 
practicable in other cases. In closely managed forests on the Continent decay is 
not uncommonly reduced by the removal of damaged side branches close to the 
trunk so as to secure a cleanly healing wound. In park and avenue trees this should 
be regularly done and a wound dressing applied when practicable. 
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413, 43L 457 

APRICOT (Prunus armeniaca) : 

Chlorosis, 296 
Drought Spot, 302 
Rust, 170, 761 
Shot Hole, 776 
Verticillium dahliae on, 810 
Arabinose, 7 1 

Arachidna, as virus vectors, 271 
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Arbusculcs, 77, 79, 

Archimycetes, 6, 331, 333, 453 
Armillaria, 338 

mellea, 14, 17, 19, 20, 21, 76, 78, 112, 119, 
122, 140, 171, 179, 215, 220, 248, 421, 
42 2 y 907, 941 
niucida, 70 D-I 

Armillaria Root Rot of Larch, 907 
Aromatic compounds, 237 
Arrhenatherum avenaceum, Ophinboliis gra- 
minis and, 252, 382 

ARUM LILY (Richardia africana), Bactcnum 
carotovorum on, 553 
Ascobolus magnificus, 72 
trifoliiy 466 
Ascochyta, 338 
fabaCy 594 
lycopersici, 53 

pinodelldy 613, 619, 621, 622 
pisiy 1 19, 2()iy 2i)2y 612, 622 
Ascogcnous hyphae, 34, 37, 56, 72 
Ascogoniurn, 34, 37 
Ascomyces deforma7iSy 770 

Ascomycetes, 27, 33, 37, 48, 5 L 53> 55, h4» 83, 
84, 91, 100, 331, 334 
classification of, 331 et seq. 
sexuality in, 33, 34, 56, 58, 7/, 72 
Ascophanus aurora y 10 y 56 
Ascospores, 34, 55, 82, 228 
Ascus, 33, 55, 56, 57 
Asexual reproduction, 30, 47 
spores, 48, 9S, 98 

ASH, BLACK (Fraxinus nigra), Polyporus 
hispidus on, 947 

ASH, MOUNTAIN (Pyrus aucuparia), in- 
fectious chlorosis, 255 
ASH, WHITE (Fraxinus excelsior) : 

Fames fraxineus on, 950 
Polyporus hispidus on, 947 
Ashphaltum, 246 
Asparagin, I2() 

ASPARAGUS (Asparacujs officinalis) : 
Bacterium fascians on, 207 
Helicobasidium purpureum on, 467 
Rust, 227 

ASPEN (PoPULUS tremitla). Fames igniarius 
on, 949 

Aspergillaceae, 335 
AspergilltiSy 28, 56, 57, 72, 73, 382 
fumigatuSy 72 
nigery 70, 71, 72, 172 
arysaCy 56, 70, 71 

ASTER (Callistephus chinensis) : 

Cucumber Mosaic on, 291 
Foot Rot, 664 
Tomato Spotted Wilt, 683 
Yellows, 266, 268, 271, 272, 289 
Asterina, 335 
Asterineae, 67 
Asterocystis radicisy ii E 
Atrophy, 190 

Aucuba japonica, variegation of, 551 
Aucuba Mosaic of Potato, 550 
of Tomato, 687 
Auricularidy 337 
Auriculariaceae, 332, 337 
Auxins, 63, 798 
Avena sativa : 

Puccinia coronata on, 414 
Smut, no, 410 


Avfj^ja nuda, Smut, no 

sterilis, Puccinia caranata on, 414 
STRIGOSA : Grey Leaf, immunity from, 425 
resistance of, to Reclamation disease, 315 
Ustilaga kalleri on, J2i^ 410 
AVOCADO PEAR (Persea Americana) : 
delayed infection in, 86 
Little Leaf, 309 

Azygozygum chlamydasporuniy 11 A 

‘ B ’ strain of Phytaphthora inf es tans y 522 
‘ B ’ virus of Potato, 268, 280, 283 
Bacteria, J, 3, 4, 57, 61, 62, 85, 153, 154, 155, 
.752 

Bacterial Canker : 
of Cherry, 752 
of Plum, 752 

Bacterial root nodules, 79, 9/, 9^, 155 
Bacterial variants, 99 
Bacterial Wilt : 
of Maize, 1 54 
of Plum, 755 
of Tobacco, 130, 131 
-bacteriophage, 99, 155, 259, 260 
Bacterimn albilineanSy 140 

aniylovaruniy 56, 61, 115, 165, 166, 226, 236 
aptatuniy 651 

carotavaruniy 62, 218, 27^, 274, 275, 553 
fasciansy 207, 209 
fnarginalcy 651 

phytophtharuniy 253, 483, 651 

prmiiy 236 
piurariaCy 601 
pyacyaneuSy 65 1 
rubiy 133 
rubrilineans y 251 

salicisy 29, 256, 219, 226, 41 2 y 41 3 y 41 4y 887 
sepedonicumy 223 
solanacearuniy 130, 131 

turnefaciens, 132, T42 A-Fy 146 Dy 147, 14^’, 
J49, 199, 793> 800 
Bacleroids, 

Baking, 70 

Baldwin Spot of Apple, 746 
BANANA (Musa sapientum) : 

Anthracnose, 86 

Bunchy Top, 263, 284, 285, 289, 290, 294 
Leaf Spot, 102, 238, 253 
Panama disease, 102, 226 
BAOBAB (Adansonia digitata), cotton 
Stainers on, 62 

BARBERRY (Bkrberis vulgaris), 58, 67, 88 
et seq.y 118, 225, 344 
eradication of, 88, 89, 225 
Rust. See Puccinia graminis 
Bark beetles, 62, 80y 8iy 899 
BARLEY (Hordeum spp.) : 

Black Rust, 344 

Brown Rust, 91, 225, 430 

Covered Smut, in, 214 A, 427 

Deaf Ears. See Eyespot 

Ergot, 222 A 

Eyespot, 384 

Foot Rot, 218 Dy 4yj 

Leaf Stripe, 126, 153, 226, 227, 243, 431 

Loose Smut, 125, 225, 224 By 245, 420 

Mildew. See Powdery Mildew 

Net Blotch, 229 By 220, 441 

Powdery Mildew, 91, 372 

Puccinia triticina on, 358 
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BARLEY— 

Pythium de baryanum on, 579 
Takc-all and Whiteheads, 377 
Yellow Rust, 352 
Basfdiohulus, 334 
Basidiomycctes, 40, 51, 60, 72, 76, 91, 96, 122, 
158, 33 L 332. 33 ^^ 
classification of, 332 et seq. 
sexuality m, 40, 43, 60 
Basidiospores, 40, 60 
secondary, 100 

Basidium, 29, 40, /7, 60, 70 

Basipetal formation of spores, 48, 5J, 75 

BEAM, WHrrE (Pyrus aria), Sclerotinia laxa 

on, 740 

BEAN, BROAD, AND FIELD (Vicia faua) : 
Aphanornyces eiiteiches on, 609 
As(ochyta pinodcUa on, 619 

Lhocoiate Spot, 102, 253, 2fS'6, 326, 593 
Colie totrichum lindejnuthiamnn on, 603 
Enation, 265 
Pea Mosaic on, 623 
Rust, jSq, 2rV5, 592 
BEAN, DWARF, FRENCH, AND 

RUNNER (Phaseolus spp.) : 
Anthracnose, 153, -?(SVS', 603 
Bacterium carotovorum on, 553 
Foot Rot, 607 
Halo Blight, 85, J<^’ 7 , 596 
Mosaic, 273, 289 
BEAN, SOYA (C^lycine max) : 

A sc achy t a pinodella on, 619 
Root nodules on, 9r, 92 
BEECH (Fa(;us sylvatica) : 

Damping olT, 664 
Fames jomentarius on, 947, 949 
fraxineus on, 950 
igniarhis on, 949 
Ganoderma applanatum on, 950 
Polyporus squarnosus on, 946 
sulphuteus on, 946 
Poly Stic tus versicolor on, 213 
Stereufn hirsutum on, 950 
Beef-steak fungus {Fistuliua hepatic a), 3 38, 
433F,i)5i 

Beer, 70 
Beerwort, 71 

Bees, diseases carried by, 61 
BEET, SUGAR AND GARDEN (Beta 
vulgaris) : 

Black Leg, 578, 661 
Chlorosis, 305, 306 
Crinkle, 272 

Crown Gall, J42 E, F, 798 

Curly Top, 276, 265, 272, 273,277, 282, 284, 291 

Downy Mildew, 281, 282, 574 

Girdle, 301 

Heart Rot and Dry Rot, 586 
Internal Black Spot, 301 
Leaf Curl, 257 
Leaf Spot, 125 
Mosaic, 165 D, 588 
Phytophthora on, 664 
Speckled Yellows, 587 
Uromyces betae on, 590 
Violet Root Rot, 467 
Yellows, 289, 589 
Beetles, 62, So^ 81, 899 
Death-watch, 215 
DiabroticQy 271 


Beggiaioa, 72 

BEGONIA, Spotted Wilt, 765 B 
Bemisia, 291 

BENT. See Agrostis spp. 

Bentonite, 231 

Berberis buxifolia, Aecidium jacobsthalli on, 205 
vulgaris. See Barberry 
Bffa. See Beet 
Betula. See Birch 
Big Bud of Currant, 832, 833 
Bios, 03 
Biotin, 63, 64 

BIRCH (Betula PENDiruA, B. LinEA, B. piibe- 

SCENS) : 

F'omes fomentarius on, 946, 947, 949 
pinicola on, 943 
Polyporus betulinus on, 946 
sulphur eus on, 946 
Witches’ Broom, 207 

BISHOP OR GOUT WEED (Aegopodium 
podagraria), Protomyces inacrosporus 
on, 387 

Bitter Pit of Apple, J5-, 35 h 74^ 

Rot of Apple, 343, 728 
BLACKBI:RRY (Rubus spp.) ; 

Cane Gall, 133 

Crown Gall, 148, iqcj, 202, 795 
Leptosphoeria coniothyrium on, 805 
Black Blotch of Clover, 228, 459 
Canker of Willow, 41 ‘y, 416^ 890 
Dot of Potato, 262, 26 j, 531 
of Tomato, 531 
Leg of Potato, 240, 253, 483 
of Sugar Beet, 578 
Lines, 17, 20, 27, 133 C, D, 219 
Mould of Cereals, 387 
Ring Spot of Cabbage, 643 
Rot of Cabbage, 246 
of Vine, 102, 1 25 

Scurf of Potato, 259, 260, 267, 524 
Spot of Rose, 401, 857 
Stalk Rot of Potato, 483 
Tip of Wheat, 437 
Blackfellows’ bread, 13 
Bladder hyphae, 17, 20 
plums, 194 
Blast ocladia, 333 
Blastocladiaceae, 331, 333 
Bleaching powder, 247 

Blight of Potato, 54, 85, 91, 97, 101, 103, 148, 
152, 158, 165, 168, 169, 173, 250, 254, 
255y 256, 257, 258, 290, 514 
of Tomato, 514 
Blister Blight of Tea, 61 

Ru#t of Pine, 83, 95, 102, 103, 105, 178, 431, 

432, 929 

Blossom End Rot of Tomato, j2o, 678 
Wilt of Apple, 348, 349, 740 
of Cherry, 740 
of Pear, 740 
of Plum, 740 

Blotch of Clover, 22S, 459 
of Cucumber, 649 

Blotchy Ripening and Greenback of Tomato, 

326 

BLUE DOUGLAS FIR (Pseudotsuga 
glauca) : 

Phomopsis pseudotsugae on, 939 
Rhahdocline pseudotsugae on, 936 
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Blue Mould of Apple, 130, 33S, 721 
of Tobacco, 102 

Stripe Wilt of Raspberry, 252, j6’r, 810 
Boletus eleganSy 76, 78 
Borax, 247 

Bordeaux mixture, 228, 233, 235 
paste, 247 

Bore holes (beetles), So, 8iy 887 
Boron, 300 

Botryodiplodia theohromae, 179, 322 
Botryosphaeria rthisy 891 

Botrytis, 13 y 14 B, 70, 94, 124, 130, 13 1, 336 
alia, 146, 706 

byssoideUy 706 

cinereoy 50, 65, 72, 77 D, 102, 108, 124, 129, 
148, 155, 165, 178, 218, 237, 247, 

3^7. 593» 657, b6o, 824 
relation between, and SclerotimOy 40^ 38^ 

77 A 594 

fabaey 593 
squamosa, 706 
tulipae, 406, 40 yy 408, 871 
Bottom Rot of Lettuce, 660 
Bouille Bordelaise, 233 
Bovine pleuropneumonia, 261 
BitACHYPODiUM SYLVATICUM, Ergot, 447, 45 1 
BRACKEN (Pteris aquilina), Taphrinalauren- 
da on, 205 

Bracket fungi, 23 et seq., .7^, 33, 34, 35 
BRAMBLE (Rubus fruticosus). See Black- 
berry 

Brand spore, 40, 6/, 6j, 63, 403 
Brassica oleracea. See Cabbage 
Brassicas, See Cabbage and Turnip 
Erysiphe polygoni on, 457 
Breaking of Tulip, 254, 409, 876 
of Sweet Pea, lyi, 266 
of Wallflower, lyi, 266 

Breeding for resistance to disease, 99, 150, 248, 
35L 357, 360, 370, 408 
Bremia, 334 

lactucae, 237, 308, J09, 651, 658 
Brenner of Vine, 842 
Brevicoryne brassicae, 644 
Brewing, 70, 72 
Bridging host or species, 94 
BROCCOLI. See Cabbage 
Bromus (Bromus spp.) : 
erectus. Ergot, 451 
Erysiphe graminis on, 372 
Fusarium avenaceum and F. culmorum on, 389 
Helminthosporium sativum on, 437 
MOLLIS, Cortidum fudforme on, 481 
STERiLis, Ergot, 450 
Bronzing, 311, 320 
Browallia spedosa, 281 
BRUSSELS SPROUTS. See Cabbage 
BRYONY (Bryonia dioica). Cucumber Mosaic 
virus on, 291 

Buckeye Rot of Tomato, 665 
Buckle joint, 41, 62 B, 405 
BUCKTHORN (Rhamnus spp.), Puednia coro- 
nata on, 92, -207, 208, 411 

Bud : 

Big, of Currant, 832, 833 
infection, 82, 85, 93, 125 et seq., 337, 454 
Rot of Palm, 102 
Budding, 20 
Buffer cells, 59 
Bulbils, mycelium in, 85 


Bulbs, disinfection of, 244, 245 
Bunt of Wheat, 6j, 84, 100, 107, 115, 144, 148, 
152, 158, i8g Ay 362 
Burgundy mixture, 233 
Burr of Hop, 879, 885 
Burrs, 188, 793 
Butt Rot : 

of Conifers, 941 
of Douglas Fir, 943 
of Elm, 950 
of Larch, 943 
of Oak, 947 
of Pine, 941 
of Silver Fir, 941 
of Spruce, 212, 941 


‘ C ’ strain of Phytophthora tnfesianSy 522 
‘ C ’ virus of Potato, 280, 283 
CABBAGE (and varieties of Brass ioa oleracea): 
Bacterium carotoi^orum on, 553 
Black Ring Spot, 643 
Rot, 246 

Club Root, 109, 163, 277, J7A, 559 
Downy Mildew, 30 j , J02, 637 
Light Leaf Spot, .705, jo6, 641 
Mosaic, 259 

Ring Spot, 125, 3<^K^, 3^A, 639 
Savoy, 190, 276 
White Blister, 300, 635 
Wilt, 130, 139, 140, 145, 153, 181 
CACAO (Theobroma cacao) : 

Witches’ Broom, 61, 99, 143, 179, 198, 

251 

Cadmium, 376 
Caeoma makinoiy 206 
Calamagrostis epigeos, P>got, 447 

PURPURESCENS, Pucdtiia coronata on, 413 
Calcium, 63, 119, 178, 296, 297, 365, 490 
cyanamide, 176, 221, 229, 357, 490 
deficiency, 305, 326, 327 
hypochlorite, 247 
oxalate, 143, 209, 285 
polysulphide, 232 
Callose, 70 
Calluna vulgaris : 

Mycorrhiza in, 77 
Reclamation disease, 313 
Callus, 1 31, 1J2, 183, 204' 

Calonectria graminicola, 163, 237, 243, 335, 479 
Calvatia giganteuy 10 
Cancer, 204 
Canker : 

Apple, 106, 1 15, 140, 146, 330,340, 34I’ 34-, 
724 

Bacterial, 147, 336, 33y, 338, 752 
Citrus, 102, 225 

formation of a, 426, 427, 493, 919 
Frost, 919 
Larch, 918 
Spur, 740, 743 

treatment of, 227, 246, 247, 248 
wound wood in, 187 

CANTALOUPE, Colletotrichum lagenarium on, 
647 

Capitophorus fragariae, 277, 280, 291, 789, 792 
potentillae, 789 

Capsella bursa-pastoris, Cystopus Candidas on, 

63s 

Peronospora parasitica on, 83 


2H2 
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Capsicum annuum : 

Colletotrichum capsid on, 253 
resistance of, to tobacco mosaic virus, 281 
Spotted Wilt, 683 

Carbohydrates, 3, 63, 67, 71, 72, 77, 128, 131 
- et seq. 

influence of, in nutrition of fungi, 128^ 129, 
131 , 132, 134, 156, 210, 211, 375 
Carbolineum, 246 
Carbon-nitrogen ratio, 129 
Cardinal temperatures, 109 
Carex, Puccinia pringsheimiana on, 821 
CARNATION (Dianthus caryophyllus) : 
Fusarium culmorum on, 391 
Leaf Rot, 59<V, J99, 852 
Carotin, 286 

Carriers of disease, symptomless, 267, 268, 

280 

CARROT (Daucus carota) : 

Armillaria mellea on, ii2^C 
Bacterium carotovorum on, 2yj 553 
Helicohasidium purpureum on, 467 
Casparian strip (endodermis), 143 
CASSAVA (Manihot utilissima), Mosaic, 271, 
273, 292 

Castanea crenata, Phytophthora camhivora on, 
104 

DENTATA, Endothia parasitica on, 103 
SATIVA, Phytophthora camhivora on, 104 
VESCA, Fistulina hepatica on, 951 
Polyporus sulphureus on, 946 
Catalase, 70 

Catalysts, enzymes as, 71 
Catechol, 146, 219 
Caterpillars, 105 

CAULIFLOWER. See Cabbage 
Brown Rot, 303 
Whiptail, 327 
CEDAR (Cedrus spp.) : 
apples, 100 

Armillaria mellea on, 908 
Phomopsis pseudotsugae on, 938 
Trametes pini on, 943 

Cedrus atlantica, Phomopsis pseudotsugae on, 
938 

DEODARA, Armillaria mellea on, 908 
Phomopsis pseudotsugae on, 938, 943 
LIBANI. Phomopsis pseudotsugae on, 938 
CELERY (Apium graveolens var. dulce) : 
Bacterium carotovorum on, 553 
Cercospora apii on, 630 
Cracked Stem, 303 

Leaf Spot, 140, 175, 178, 209, 237, 297, 2g8, 
“99, 630 
Mosaic, 291 
Violet Root Rot, 553 
Yellows, 271 
Cell contents of host : 
effects of disease on, 208 
enzyme action on, 72 
influence of, in fungal attack, 143 , 147 
plasmolysis of, 208 

Cell inclusions in virus diseases, J77, 178 ^ 

* 286 

Cell membranes of host : 
effect of disease on, 209 
enzymic action on, 72 
influence of, on penetration, 139, 178 
Cell turgor, 165. See also Water content of 
host 


Cellulase, 67, 70, 71, 209 
Cellulose, 72, 13 1, 209, 210, 21 1 
papillae, 82 A~L 
sheaths, 150 

CELTIS, fire scars on, 186 
Cephalosporiumy 339 
infection pegs in, 149 
stage, in Dutch Elm disease, 897 
Ceratostomataceae, 336 
Ceratostomellay 336 
ah^pullascQy 74 L, M 
fimhriatay 246 

Ulmiy 62, 80 y 81 y 418 y 896 

Cercospora y 339 

apity 630 
beticoluy 125 
fabae, 594 
melonisy 649 
musaCy 238, 253 
Cercosporellay 53, 339 

herpotrichoides, 177, J97, ig8, 384 
narcissi y 53, 866 
primulaCy 53 

CEREALS, DISEASES OF, 57, 102, 115, 
144, 171, 207, 252, 300, 305, 343 
et seq. See Barley, Rye, Oat, Wheat 
Foot Rot, 252. See also Foot Rot 
Powdery Mildew, J92, 372 
Rusts, 57 et seq.y 89 , 92 , 144, 163, 164, 

174 

Smuts, no, 149 
Certification, 224, 293 
Chaetocnema pulicaris, 62 
Charbon of Vine, 842 
CHARLOCK (SiNAPis arvensis), Phoma 
lingam on, 567 

Chemotherapy, 242, 245, 247 
Chemotropism, iii, 116 
Chenopodium album : 

Beet Yellows, 589 
Cabbage Virus, 644 

murale, attenuation of virus through, 282 
PURPUREUM, Beet Yellows, 589 
CHERRY (Prunus cerasus and P. avium) : 
Bacterial Canker, Leaf Spot, and Wilt, 556, 
357 y 35Sy 752 
Blossom Wilt, 740 
Brown Rot, 743 
Buckskin disease, 147 
Chlorosis, 296 

Clasterosporium carpopMlum on, 776 
Crown Gall, 142 By 793 
Drought Spot, 302 
Fomes pomaceus on, 767 
Leaf Scorch, 193, 365, 768 
Polyporus sulphureus on, 946 
Rosdlinia necatrix on, 738 
Verticillium dahliae on, 810 
Witches’ Broom, 207 
Cheshunt compound, 102, 242, 255 
CHESTNUT, SWEET (Castanea sativa and 
C. vesca) : 

Blight, 61, 102, 103 
Brown, 951 
Heart Rot, 946 
Ink disease, loz, 104 

CHESTNUT, HORSE (Aesculus hippocas- 
taneum) : 

Ganoderma applanatum on, 950 
Polyporus squamosus on, 946 
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CHICKWEED (Stellaria media), passage of 
virus through, 282 

CHILLI PEPPER (Capsicum annuum) : 
Colleto trichum capsid on, 253 
Spotted Wilt, 683 
Tobacco Mosaic, 281 
Chitin, 6 

CHIVES (Allium schoenoprasiiim), Urocystis 
cepulae on, 699 

Chlamydospores, 10, ii A, it By tt C, D, 84, 95, 

200y 20Ty 391 

Chloroform, effect of, on infection, 93 
Chlorophyll, loi, 134, 143, 206, 209, 21 1, 262, 
286, 310, 318, 321, 322 
Chlorophyllase, 286 
Chloropicrin, 242 
Chloroplasts, 356 
Chlorosis, 296 et seq.y 373" 
in Lupin, 299 
infectious, 255 
lime-induced, 297 
manganese-induced, 300 
Chocolate Spot of Broad Bean, 102, 2S6y 
593 

Choke disease of Grasses, 2,77, 473 

Chondrioderma difformCy 2 A-D 
Chromosomes, 33 
CHRYSANTHEMUM spp. : 

Bacterium fascians on, 207 
Spotted Wilt, 683 
variegation on, 266 
Verticillium dahliae on, 810 
ChrysomyxQy 337 
ChrysophJyctis endohioticay 500 
Chytridiaceae, 4, 6, 33, 91, 116, 246 
Chy tridiales, 331, 33 3 > 453 
Cicadula sexnotatay 272 
Cicadulina mbila, 272, 275 
Cicatrisation, 140 
Cicinnobolus cesatiiy 646 
CINERARIA : 

Damping-off, 664 
Erysiphe cichoracearum on, 645 
Spotted Wilt, 683 
Citric acid, 70, 297 
CITRUS (Citrus spp.) : 

Anthracnose, 310 
Armillaria mellea on, 215 
Blast, 252 

Brown Rot, 236, 253 
Canker, 102, 225 
Chlorosis, 299 
Exanthema, 316 
Gummosis, 220, 515 
Hard Fruit, 302 
Manganese deficiency, 307 
Mottle Leaf (Frenching), 236, 309 
Mould (Green), 115 
Scab, 158, 197 
Sooty Blotch, 247 
Wither Tip, 99, 102 
Cladochytriaceae, 333 
Cladorda furcatUy go E 
Cladosporiumy 339 

fulvum, no, 1 15, 152, 165, 237, 250, JiSyjigy 
672 

herbarumy 65, J99, 387 
Clamp connections, 10 Ay 37, 44, 45, 68 y 70, 

405 

Classification of fungi, 331 


Clasterosporium, 339 

carpophilumy 108, 138, isg, 140 y 176, 368, 369, 

776 

Clavariopsts aquattcay 4g C, 76 D 
ClavicepSy 335 

purpureoy 29, 42 Ay 91, 94, 132, 221 y 222 y 223, 

445 

Cleistocarp, 27, 28, 43 y 44, >5, 82, J95, 335, 

373 

Cleistothecium. See Cleistocarp 
CLERODKNDRON, Hyperplasy in, J .?6 
Clitocybey 76, 338 
giganteay 6g 
tabescensy 130 

CLOVER (Trifolium spp.) : 

Aphanomyces euteiches on, 609 
Black Blotch, 228 y 459 
Leaf Spot, 2jj, 466 
Mosaic, 273 
Pea Mosaic on, 623 
Powdery Mildew, 102, 456 

Rot, 230y 461 
Scorch, 234y 471 
Violet Root Rot, 272, 233 ^ 467 
Club Root of Crucifers, 276, 277, 2 y8, 559 
Cluster Cup Rust : 

of Anemone, 170, 236, J59, 760 
of Gooseberry, 386, 821 
Coal tar, for wound protection, 246 
Coccomyces hiemalisy 228 
COCKSFOOT. See Dactylis glomerata 
Coelomycetes, 51, 57 
Coenocytic mycelium, 6, 9, 54 23 , 70 
COFFEE (Coffea spp.) : 

Ganoderma applanatum on, 950 
Glomerella dugulata on, 828 
Leaf Disease, loi, 102, 122, 176 
Root Rot, 179 
Rust, 102, 155 

Coleoptile infection, 100, ri4, ii5, ii6y 777, ii8y 
Iicjy 125, 126, 2J9 Ay 363, 379, 393, 
407, 428, 440 

Coleorhiza infection, 274, 393 
C’oleosporiaceae, 337 
Coleosporiumy 337 
ColeroGy 336 

Collar Rot of Lettuce, 657 
Colletotrichutriy 57, 86, 91, 338 

atramentarium, 13, 15 Ay 173, 262, 263, 533 
capsid y 253 
circinanSy 146 

falcatumy 102, 125, 132, 251 
gloeosporioides, 99, 148 310 
lagenariumy 170, 647 

lindemuthianumy 84, 139, 153, 288 y 28()y 603 
liniy 172, 244 

CoUybia conigena, 48, 70 ByC 
Columella, 24, 50, 51, 73 Ay 74 B 
Common Scab of Potato, 242, 243, 244, 245, 

486 

CoMPOSiTAE, Spotted Wilt on, 683 
Conidia, 48, 49, 50, 75, 77, 84, 96 
Conidiophores, 26, 48, 75, 76, 77 
CONIFERS, DISEASES OF, 907, 91S, 9i8, 
923, 926, 929, 936, 938, 941, 943, 
946 

Pythium de baryanum on, 579 
Rhizoctonia solani on, 525 
Coniophoray 338 

cerebella (C. puteana)y 212 
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Coniothyrium, 338 
diplodiella, 94 
fuckeliiy 804, S62 
pirinum, 97 
rosarum, 863 
wernsdorffiaey 862 

Conjugate nuclear division, 42, 70 Ey 405 
Contagium vivum fiuidum, 257 
Control of plant diseases, 221 
Convolvulus arvensis, as virus carrier, 269 
CoprinuSy 45, 46 

Copper, 178,^233, 296, 312, 317, 365, 376 
Coremia, 21, 28 Jy C, 73 
Cork, I22y 124, 140, 142 et seq. 

CORNMINT (Mentha arvfnsis) : 

Helicohasidium purpureum on, 467 
Corticium, 91, 338 
fuciformey 54, 67, 237, 479, 481 
kelerogGy 14 Ay 122 
serum y yo A 

solaniy 100, 237, 241, 259, 2()o^ 267, 524, 540, 

.578,583 

CortinariuSy 76 

Corynebacterium fascianSy 207 
Coryneum beijerinckiiy 777 
COTTON (Gossypium spp.) : 

Black Arm, 57, 85, 153, 167, 243, 244 
Boll disease, 62 

Leaf Curl, 265, 271, 281, 283, 286, 291 
Sore Shin, 162 
Spread of disease in, 105 
Texas Root Rot, 132, 178, 237 
Wilt, 177, 253, 326 
Cotyledon infection, 108, 273, 472 
COUCH GRASS. See Agropyron repens 
Cover crops, 298 

Covered Smut of Barley, 21 3 y 2i4y 427 
of Oat, 205 Ay 403, 409 
COWPEA (ViGNA catjang) : 

Chlorosis, 296 

Colletotrichum lindemuthianum on, 603 
Erysiphe polygoni on, 458 
CRANBERRY (Vaccinium oxycoccus), False 
Blossom, 266 
Creosote, 246 
CRESS (Barbarea spp.) : 

Cystopus candidus on, 635 
CRESl^ED DOGSTAIL. See Cynosurus 

T^nr A xr 

CROCUS (Crocus spp.) : 

Helicobasidium purpureum on, 467 
Cronartiaceae, 337 
Cronartiumy 337 

ribicolay 57, 85, 95, 103, 104, 144, 178, 

432 y 929 
Crosier, 34 
Crow^n Gall ; 

anatomy of, 746, 747, X48y 149, 201, J76, 796 

chemical analysis of, on beet, 798 

growth substances produced by, 798 

on Apple, 142 D 

on Apricot, 793 

on Beet, 142 E, F, 798 

on Blackberry, I48y 149, 795 

on Cherpr, 142 B 

on Dahlia, 142 C 

on Grape Vine, 793 

on Hop, 793 

on Paris Daisy, 793, 796, 799 
on Peach, 142 Ay 793 


Crown Gall — contd. 

on Raspberry, 146 D, 202, J75, 793 
on Sunflower, 747, 797 
on Tobacco, 797 
on Tomato, 746, 201, 797 
Crown Rust of Oats, 207, 2o8y 209, 411 
Crown Wart of Lucerne, 224, 225, 452 
Cryptosporella umbrina, 861 
Crystals, 10, 777, iy8y 260, 286, 289 
CUCUMBER (CucuMis sativus) : 

Anthracnose, 647 
Bacterium carotovorum on, 553 
Blotch, 649 

Mosaic, 258, 266, 273, 289, 291 
Powdery Mildew, 644 
Rhizoctonia solani on, 525 
CucuMis SATivus. See Cucumber 
Cucurditaceae, Mild or Green Mosaic in, 291 
Cultures. See Media 
Curative measures against parasites, 247 
CURRANT (Ribes nigrum and R. sativum) : 
Big Bud, 833 
Leaf Spot, JcVcV, 827 
Reversion, 205, 209, 389^ 830 
Rust, 57, 225, (see Cronartium rihicoJa) 
Sphaerotheca rnors-uvae on, 817 
Stereum purpureum on, 763 
Verticillium dahliae on, 810 
Cuticle, 108 y III, II 7, II 8, II 9, 137, 210 
Cutin, 119, 132, 151, 210 et seq. 

CYCLAMEN (Cyclamen persicum), leaf ana- 
tomy of, 7J4, 185 
Cyclic saltation, 97 
Cylindrosporium, 338, 642 
Cymadothea trifoliiy 229, 458 
CVNODON (Cynodon sp.) : 

Helminthosporium sativum on, 37 > 437 
Cynoglossum officinale. See Hound’s 
Tongue 

Cynosurus cristatus. Ergot, 451 
Cystidia, 29, 48 

Cystopus candidus y 5^, 67, 75, 109, 149, 175, I94» 
206, 300, 334, 63s 
Cysts, II Ey Fy Gy H 
Cytospora, 338 
Cytospora chrysospermUy 888 
ludibundOy 97, 98, 176 

Dactylis glomerata : 

Choke disease, 236 By 238^ 473 
Clcwiceps purpurea on, 451 
Erysiphe graminis on, 372 
Puccinia glumarum on, 355 
Daedalea, 338 

DAFFODIL (Narcissus pseudo-narcissus) : 
Stripe disease, 265, 285 
White Mould, 40J, 404, 865 
DAHLIA (Dahlia variabilis) : 

Armillaria mellea on, 112 D 
Crown Gall, 742 C 
Spotted Wilt, 165 Ay 262, 683 
Damping-off of Lettuce, 57 j, 
of Tomato, 664 
Dasyobolus immersuSy 55 D 
DasyscyphUy 336 
calycinay 919 

willkommiiy 39, 426y 427, 42^, 9x8 
Date of planting, 292 
Datura stramonium. See Thom Apple 
Deaf ears in cereals, 384, 387, 390, 394 
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Death-watch beetle, 215 

Defensive reactions to infection, 93, J55, 218 
Deficiency diseases, 3, 296, 328, 420, 51 1, 586, 
587, 625 

Delayed infection, 86 

Delayed nuclear fusion, 33 

Delayed virus incubation, 278 

Delignification, 212, 213 

Delphacodes striatella, 293 

Dermatophora necatriXy 738 

Destructive Insects and Pests Act, 506 

Deuteromycetes, 47, 51, 91, 153, 331, 332, 338 

Dextrose, 64, 71, 108 

Diahotrica, 271 

Dialonectria galligena. Sec Nectria galligena 
DiaporthCy 336 

perniciosa^ 65, 97, 98, 179 
pitya, 940 

Diastase, 70, 72, 132 
Didymella^ 336 

applanata, 378^ 371)^ 380^ 800, 805 
ly coper sici, 53, Jt6, 666 
Didymium leucopus, 2 E 
Die-back : 

of Carnation, 391 
of Gooseberry, 824 
of Plum, 65, 179 
of Raspberry, 713 
of Rose, 124 

Differential hosts, 89 et seg., 94, 700, 548 
Dikaryophase, 33, 41, 42, 44, 45, 62, 65, 66, 69, 
70, 100, 345 et seq.y 368, 405 
Diplanetism, 48, 290 D 
Diplocarpon rosaCy 133, 401, 857 
Diplodia, 149, 338 
natalensisy 148 
pineOy 105 

Diplodina ly coper sidy 53, 338, 667 
Diploidisation, 33, 44, 405 
Dipodium punctatuniy 87 B-G 
Disaccharides, 71 

Discomycetes, 37, 40, 56, 332, 336 
Disease tolerance, 250 

Disinfection, 229. See also Seed Disinfection 
Dissemination of fungi, 20, 54 et seg,y 73 y 74, 78 y 
79 . 349 
Distilling, 70 
Diverticula, 23^ E 

DOG’S MERCURY (Mercurialis perennis), 
Helicobasidium purpureum on, 467 
Dolichos, Colletotrichum lindemuthiamim on, 
603 

Dollar Spot of Grasses, 482 
Dosis curativa and Dosis toxica, 247 
Dothidellay 336 
trifoliiy 460 
uleiy loi 

Dothidiaceae, 336 
Dothiorella gregariuy 86 
DOUGLAS FIR. Sec Fir 
Downy Mildew : 
of Beet, 574 
of Cabbage, 6j6 
of Cele^, 6gz 
of Garlic, 693 

of Hop, 8s, 9^, 128, 4iOy 4iiy 879 
of Leek, 693 

of Onion, 527, 328^ 529, 693 
of Ornamentals, 653 
of Radish, 637 


Downy Mildew — contd. 
of Turnip, 636 
nf Vine, 390] 833 
of Weeds, 653 

Downy Mildews, 48, 70, 108, 133, 175, 334, 574, 
637, 651, 691, 693, 833, 879 
Dry Rot : 

of Potato, 264y 265, 532 
of Timber, 18, 212 
of Turnip, 279, 567 
Dusting, 229 et seq., 351, 365 
Dutch Elm Disease, 54, <SY>, 102, 103, 104, 122, 
219, 223, */7 7, 4t8, 89s 
DWARF BTi)AN. See Bean (Phaseolus spp.) 
Dyeing, 71 
Dysdercusy 62 

‘ E ’ virus of Potato, 261 
Eau celeste (Cuprammonia), 235 
ErnmM, Puccinia triticina on, 359 
Ecological factors and disease, 104, 276 et seq. 
Ecology of fungi and radiation, 167 
Ecotypes, 163 

Ectoparasites, nutrition of, 67, 85, 230 
Ectotrophic mycorrhiza, 75, 78, 83, 80 
F»worrn, 462 
IClaeacnaceae, 413 
Elementary corpuscles, 258 
Eleusine coracana. See Ragi 
ELM (Ulmus spp.) : 

Butt Rot, 950 

Dutch disease, 54, 80, .S’r, 102, 103, 104, 122, 
219,. 223, 4^7. 4^^. 895 
Fomes fraxitieus on, 950 
igniarius on, 949 
ulmarius on, 950 
Ganoderma applanata on, 950 
Polyporus hispidus on, 947 
squamosus on, 946 
ElsinoCy 802 

ampelinOy J9J, 842 
fawcettiy 148, 158, 197 
venetOy 377 y 800 

Elymus arenarius. See Sea-lyme Cirass 
Erysiphe graminis on, 372 
Ustilago hypoditys on, 205 
EmpusOy 334 
Emulsin, 70 

Enation, 205, 265, 285, 286 
Imcephalomyelitis, zyz 
Endocoenobium eudorineaey 4 
Endodermis, 123 Ay 125, 143, 189, 394 
Endogonaceae, 79 
Endomycesy 335 
Endomycetaceae, 335 
Endomycopsis vernaliSy 71 
Endophyllaceae, 337 
Endophytes, 67, 74, 143, 209, 230 
Endophytic mycelium, 122 
Endosperm, 126 

Endothia parasitica y 61, 102, 103, 755, 218, 250 
Endotrophic mycorrhiza, 75, 76, 78, 87 y 134, 139, 

143 

Endurance, disease, 176 
Entomophthoray 334 
Entomophthoraceae, 331, 334 
Entyloma dahliaCy 54, 337, 397> 851 
Environment, influence of, on disease, 107, 150, 

158, as* 

Enzymes, 63, 67, 70, 85, n8, 129, 139, 147, 213 
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Kpiblast infection, 114 A 
Epichloe^ 335 

typhina, 29, 4^ 73> 85, 86, 91, 96, 2j6, Jj;, 

^ 3 ^. 335, 473 

Epidemics (Epidemiology), 99, lOi, 105, 106, 
349, 375 

Epidermis, loy, jO(V, 115 

Eradication, for disease control, 224, 291, 351 
Eremascus, 335 
Erepsin, 71 

Ergot of Rye, 22 i C, 445 
of Grasses, 445 
Ergotism, 445 

Erysiphaceae, 37, 91, 93, iii, 119, 332, 335, 372, 
717, 817, 855 
Erysiphe, 335 

cichoraceariim, 82 AT, 170, 175, 303, joy, 664 
fframinis, 69, 82, A’j A-L, 93, 108, 111, 137, 
119, 148, 166, 178, 792, 793, 372, 387 
polyy>oni, 43, 153, 45^ 

Esca Disease of Vine, 143 
Escapism, 250, 387 
Ether, 93, 149 
Etiolation, iig 
Eubasidiae, 332, 336, 338 
Eucalyptus amygdalina : 

Fistulina hepatic a on, 951 
Polyportis sulphur eus on, 946 
Stereum hirsutum on, 950 
Di VERSICO LA, copper deficiency, effects of,on,3 16 
Eudorina elegans, Endocoenohium on, 4 
Eugenia malaccensis, Puccinia psidii on, 102 
Euonymus jat^onicus : 

dormant mycelium in, 85 
infectious chlorosis in, 258 
Oidium euonymFjaponici on, 209 
Euphorbia cyparissias : 

perennial mycelium in, 85 
Uromyces pisi on, 205, 593 
Eurotium, 44 A, B, 50, 70 A, yy A, B, 335 
Eutettix tenellus, iy2, 258, 272, 291 
Exanthema, 220, 316 

Exoascaceae, 37, 67, 91, 207, 209, 334, 335 
Exoascus, 335, 771 
minor, 55 A 
Exobasidiaceae, 338 
Exobasidium, 338 
oxy cocci, 197 
vaccinii, 197 
vexans, 61 


Facultative parasites, 64, 129, 133, 490 
Facultative saprophytes, 64, 389, 393 
Fairy rings, <5, 10 
Fasciation, 207 

~^Fats in fungi, 10, 63, 71, 79, 356 
Fatty acids, 1 19, 186 
Fermented milks, 70 
‘ Fern leaf’, lyo, 205, 264, 680 
Fertilisation, 33, 34, 30 C, yo G, H, See also 
Sexuality in fungi 

Fertilisers, influence of, on disease, 94, 119, 170, 
17*. 375. 382, 386, 465, 490, 591 
FESCUE. See Festuca spp. 

Festuca elatior, Claviceps purpurea on, 447 
ovina, Epichloe typhina on, 96 A, C, 236 C, 


239* 473 

Calonectria graminicola on, 480 
pratensis, Claviceps purpurea on, 450 
RUBRA, Epichloe typmna on, 85, 96, 239, 473 


Festuca rubra — contd. 

Calonectria graminicola on, 480 
Corticium fuciforme on, 481 
SPP. Helminthosporium sativum on, 437 
Filtrates, action of, from cultures, 63, 130, 382 
FIR, DOUGLAS (Pseudotsuga douglasii) : 
Butt Rot, 941 
Needle Cast, 936 
Polyporus schweinitzii on, 943 
sulphur eus on, 946 
Stereum sanguinolentum on, 945 
Swiss Needle Cast, 938 
Trametes pini on, 943, 945 
FIR, SILVER (Abies alba) ; 

Butt Rot, 941 
Heart Rot, 915 

varieties of, 207, 938, 945, 947 
Fire scars, 186 

Fireblight, 102, 115, 226, 246 
Fistulina hepatica, 338, 433 E, 951 
Flagella, 25, 47, 109 A 
Flagellates, 259 
P'lagellospora, 50, 76 C 
curvula, 49 J 

FLAX (Ltnum usitatissimum) : 

Blight, 244 

Browning and Stem Break, 244 
Wilt, 145, 146, 252 
Floral abnormalities, 194, 206, 266 
P'lower infection, 88, 115, 126, 206 D, E, 363, 
368, 373, 397, 400, 406, 445, 478 
Flowering, inhibited by virus infection, 266 
Fohocellosis, 310 
F'omes, 338 

amtosus, 152 A, 159, 213, 217, 220, 423, 424, 
425 ^ 9I5» 94L 943, 95i 
fomentanus, 434 B, 946, 947 
fraxineus, 433 B, 949 
hartigii, 217 

igniarius, 143, 434 A, 949, 952 
lignosus, 109 
pinicola, 65, 941, 943 
pomaceus, 363, 364, 767 
roseus, 211 

ulmarius, 434 E, 435 C", 950 
Foot Rot : 
of Barley, 437 

of Bean (Phaseolus spp,), 607 
of Oat, 389, 396 
of Pea, 616, 619 
of Tomato, 664 
of Wheat, 389, 396 

Foot Rot diseases, 252, 315, 386, 389, 396, 437, 
607, 616, 619, 620, 622, 664 
Forecasting services, 168 
Form genera and form species, 51, 866 
Formaldehyde, 240, 241, 365, 409, 485 
Fragaria chiloensis, reaction of, to viruses, 
269, 280, 792 
moschata, ^id., 789 
vesca, ibid., 269, 280, 789, 791 
virginiana, ibid., 280, 791 
Freezing of spores, 109 
FRENCH BEAN (Phaseolus spp.) : 
Anthracnose, 84, 139, 153, 288, 289, 603 
Foot Rot, 607 
Halo Blight, 28y, 596 
‘ Frenching 309, 317 
Frost, 94, 164, 188, 364 
action of, on cambium, gig et seq. 
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Frost — contd. 

Cankers, 187, 919 et seq. 
damage, 164, 187 
Radiation-, 164 
Wind-, 164 
Fructose, 71 

FRUIT, DISEASES OF, 65, 298, 307, 316, 320, 
324» 327, 713 et seq., 763, 947, 950 
Fruit Tree Pests Order, 227 
Fruiting, inhibited by virus infection, 266 
Full infections, 93 
Fumigation, 220, 240 
Fungi Imperfecti. See Deuteromycetes 
Fungicides, 229, 230 

Fusarium, 49 L, 73, 97, 109, 153, 170, 339, 382 
avenaceum, 200, 386, 389, 397, 400 
bulhigenum, 163 

van lycopersici, 130, 13 1, 161, 164, 171, 242 
caeruleum, 176, 251, 264, 265, 532 
cepae, 146 

conglutinans, 130, 139, 140, 145, 153, 181 
culmorum, 11 C, D, 28 H, /, 148, 165, 171, 

201, 386, 389, 397, 400 
eumartii, no 
fructigenum, 98 

graniinearum, 202, 203, 204, 389, 396 
lini, 130, 14s, 146 
main, 148 

nivale, 163, 243, 479 
orthoceras var. pisi, 171 
oxysporum, 130 

solant var, mar tit f. 2, 2 q 4, 620, 622 ; /. J, 607 
vasinfectum, 130, 171, 177 
wilLkommii, 340, 726 
Fusicladium, 339 

dendriticum, 344, 345, 346, 732 
pirinum, 354, 355, 749 
saliciperdum, 890, 894 

Galactan, 21 1 
Galactose, 71 
Gallic acid, 71 

Galls, 100, 133 , 142 A’F, 148, 149, 188, 191, 194, 
224, 265, 2y6, 373, 452, 559, 793 
composition of, in crown gall, 798 
Crown. See Crown Gall 
histoid, 148, 149, 194 
organoid, 205 
radial, 499 
secondary, 796 
types of, 191-208 
virus-induced, 264, 285 
Galtonia, Fusarium culmorum on, 391 
Gametangia, 34, 31, 54 C 
Gametes, 33, 41 
Gametophore, 34 
Gamma rays, 278 
Ganoderma, 338 

applanatum^ 220, 434 C, 949, 950 
curtsii (G. lucidum), 213 
GARLIC (Allium sativum) : 

Peronospora destructor on, 693 
Sclerotium cepivorum, 703 
UrocysHs ceptdae on, 699 
Gas treatment in fruit wastage, 247 
Gasteromycetes, 79, 332, 338 
GASTitol>iA ELATA, mycoirhiza in, 76 
Gemmae, jo, 12, 122, 405 
Gemmate mycelium, 12, 73 
Genders in sexual reproduction, 41 


Generations, alternation of, in fungi, 31, 5 J 
Genes, 53, 150 

Genetics of host resistance, 107, 150, 151, 281 
Geniculate conidiophores, 26, 49, 76 A 
Germination of spores, direct and indirect, 169 
Gibbellina, 336 
Gibberella, 335 
fujikuroi, 205 
moniliformis, 143 

zeae {saubinetii) , 98, 143, 145, 162, 202, 203, 

204, 389, 396 

GibberelJin, 205 

Gills of a basidiomycete, 29, 30, 43, 46, 47 
Gladiolus, Sclerotia on, 14 
Gleba, 79 

Gliocladiiim fimbria turn, 172 
Gliotoxin, 172 
Gloeocapsa, 90 D 
Gloeodes pomigena, 247 
Gloeosporium, 86, 338 
album, 343 A, 728 
ampelophagum, 844 
fructigenum, 343 B, 728 
musarum, 31, 86 
ribis, 828 
venetum, 802 
Glomerella, 336 

cingulata, no, 208, 728 
Gluconic acid, 72 
Glucose, 71 
Glucosides, 146 
Glyceria fluitans, Ergot, 451 
NERVATA, Epichloe typhina on, 475 
Glycerine, 71, 72 
Glycogen, 10, 49 B, 76 B 
Gnomonia, 336 

erythrostoma, 193, 363, 768 
Gnomoniaceae, 336 

GOOSEBERRY (Ribes grossularia) : 

American Mildew, 59, 102, 226, 383, 384, 817, 
821 

Cluster Cup Rust, 386, 281 
Die Back, 387, 824 
European Mildew, 383, 820 
Rosellinia necatrix on, 738 
Stereum purpureum on, 763 
Verticillium dahliae on, 810 
GOOSEFOOT (Chenopodium murale) : beet 
virus on, 282 

Gossypium spp. See Cotton 
GOURD (CucuMis spp.), Colletotrichum lage- 
narium on, 647 
Graft hybrids, 146 
Grafting wax, 246 

Grafts, 146, 173, 185, 204, 255, 269, 273 » 282 
GRAPE VINE. See Vine 
Graphium, 339 
utmi, 418, 897 
GRASSES (gramine^) : 

Calonectria graminicola on, 479 
Cercospora herpotrichoides on, 387 
Claviceps purpurea on, 221, 445, 447, 450, 451 
Corticium fuciforme on, 481 
Epichloe typhina on, 89, 96, 236, 237, 238, 
239, 473, 475 
Erysiphe graminis on, 372 
Fairy rings with. See Fairy rings 
Fusarium avenae on, 389 
culmorum on, 389 
niveum on, 479 
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GRASSES— row/c/. 

Gibber ella zeae on, 396 
Grey Leaf or Grey Speck, 420 
Helicobasidiutn purpureum on, 467 
Helminthosporium sativum on, 437 
teres on, 442 

Ophiobolus graminis on, 377, 382 
Phialea temulenta on, 74 
Puccinia anomala on, J03, /04, 113, 430 
coronata on, 41 1, 413 
glumarum on, 353 
graminis on, 344 
triticina on, 358 

Sclerotinia homoeocarpa on, 482 
Tilletia on, 362 
Grasshoppers, 271 
Grassing-down, 325 
Green flies, 256 

Green manuring, 171, 177, 318, 383 
Grey Leaf or Grey Speck of Oat, 420 
Grey Mould of Lettuce, 657 
Griphosphaeria corticola, 124 
GROUNDNUT (Araciiis iiypogaea), Rosette 
266, 289, 290, 293 

GROUNDSEL (Senecio vulgaris), Lettuce 
Mosaic, 662 

Growth substances, 63, 78, 185, 381 
Guarnieri corpuscles, 259 
Guignardia^ 336 

bidivelli, 125, 132, 210, 336 
Gulspetssjuka (Reclamation disease), 313 
Gulspidssygen (Reclamation disease), 313 
Gum, 56, 71, 185, 310, 765, 767 
barriers, 124, 186, 765 
flux, 220 

wound, 124, 153 A, 186, 189, 218, 220 
Gummosis, 220, 283, 317 
Gymnoconia inter stitialis, loy A-D 
Gymnosporangium, 337 
juniperi-virginianae, 100, 194, 337 


Hail, 94 
Hail disease, 94 

Hairiness of host, and infection, 137 
Halo Blight of Bean, 596 
Haploid cells, 40 

Haploid phase, 33, 42, 64 D, 88, 405 
Haplophragmiumf 194 
Haptotropism, 116 

HARDWOODS, DISEASES OF, 887, 890, 894, 
895, 900> 904» 945 
Hartig net, 75, 

Haustoria, 6, 30, 52, 67, 67 B, 68, 69, 70, 73, 75, 
<S2, 83 A, 84 A, 84 D-H, 93, 103 H, 
133 et seq., 139, 256, 529 C, D, 695 
Heart Rot of Sugar Beet, 586 
of Trees, 915 

of Turnip and Swede, 280, 571 
Heartwood, 122, 145, 146 
Heat sterilisation, 191, 245, 246 
HEATHS (Erica spp.), Mycorrhiza in, 77 
Helicobasidium, 337 
purpureum^ 232, 233 y 467 
HELLEBORE (Helleborus spp.) : 
cellulose sheaths, in infection of, 150 
perennial mycelium in, 85 
Helleborus sp. See Hellebore 
Helminthosporium, 26, 97, 149, 339 
allUj 140 


Helminthosporium — contd. 

avenae, 11 B, 49 N, no, 115, 116, 117, 118, 
119, 120, 126, J63, 210, 211, 243, 415 
gramineum, 98, 126, 153, 215, 216, 431, 442 
sacchari, 13 1 

sativum, 98, 108, 153, 155, 17 1, 434, 437, 

442 

teres, 219 B, 220, 438, 441 
victoriae, 419 
Helopeltis, 189 
Helvellales, 332 
Hemibasidiae, 332, 336 
Hemicellulose, 72 

Hemileia vastatrix, loi, no, 176, 337 
Hemiptera, 271 

HENBANE (Hyoscyamus Niger), eradication 
of virus vector on, 291 
Hesperis matronalis. See Sweet Rocket 
Hessian fly, 249 
Heterocaryosis, 96 
Heterodera marioni, 175 
schachtii, 620 

Heteroecism, 43, 58, 87, 92 
Heteropatella, 338 

antirrhini, 53, 39$, 396, 849 
valtellinensis, 398, 399, 852 
Heteroptera, 271 
Heterosporium, 339 

Heterothallism, 41, 45, 47, 53, 71, 72, 97, 347 
Hevea brasiliensis. See Rubber 
Hexosans, 211 
Hexose, 145 

Hibernation of fungi, 43, 82, 163 

Hibiscus esculentus, Callus formation in, 186 

Higher Fungi, 331 

Hippeastrum, mosaic, 258 

Hirneola, jo, 337 

Histoid galls, 194 

Histological changes in the host, 190 
HoLCUS LANAI us : 

Ophiobolus graminis on, 382 
Puccinia coronata on, 413 
MOLLIS : 

Corticium fuciforme on, 481 
Epichloe typhina on, 236 H 
HOLLYHOCK (Althaea rosea). Rust, 84 A~C, 
103, 105 

Homothallism, 45, 54 

Honey, as disease carrier, 61, 222 

Honeydew, 42, 61, 347 

Hooghalen, 318 

HOP (Humulus lupulus) : 

Downy Mildew, 85, 98, 102, 128, 134, 226, 
410, 411, 879 
Gibber ella zeae on, 396 
Mosaic, 268 

Powde^ Mildew, Mildew, or Mould, 139, 

Hordeum deficiens, resistance of, to XJstilago 
horded, 427 

intermedium, resistance of, to Ustilago hordei, 
427 

MURINUM, Helminthosporium teres on, 442, 444 
SPP. Helminthosporium sativum on, 437 
sylvaticum, Erysiphe graminis on, 93, 137 
vuloare, resistance of, to Puccinia anomala^ 

431 

var. pallidum, Puccinia anomala on, 104 
Hormodendron, 199 E, 389 
Hormones, 156, 185 
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HORSE-CHESTNUT (Aesculus hippocas- 
taneum) : 

Ganoderma applanatum on, 950 
Polyporus squamosus on, 946 
HORSE-RADISH (Armoracia rusticana) : 
Perennial mycelium in, 85 
Photna lingam on, 567 
Host plant, 64, 113 

Hot-water treatment, J97, 370, 427, 428, 436, 
602, 634 

HOUND’S TONGUE (Cynoglossum offici- 
nale), Puccinia triticina on, 359 
Humaria granulata, yi 

Humidity, 108, J27, 158, 164 et seq.y 253, 350, 
364, 370, 375, 401, 408, 490, 513, 535, 
564, 601, 621, 627, 645, 648, 654, 655, 
659, 668, 671, 67s, 678, 709, 719, 723, 
727, 798, 808, 836, 841, 883 
HYACINTH (Hyacinthus spp.), Bacterium 
carotovorum on, 553 
Hybridisation, 92, 251 

Hydrogen-ion concentration, influence of, 73, 
III, 129, 144, 145, 159, 370, 382, 402 
490 

Hydrolysis, 208, 401 
Hydrolytic enzymes, 70, 71 
Hydroxyquinoline, 237 
Hylurogopinus rufipes, 899 
Hymenium, 29, 45, 46, 47, 4S 
Hymenomycetes, 29, 45, 46, 47, 332, 338 
Hyoscyamus NIGER. See Henbane 
Hyperhydric tissue, 84, 1 99, 204 
Hyperplasy, 100, 133, 136 B, J37, 190, 266, 

283, 28s 

Hypersensitivity, 113, 139, 154, 156, 272, 273 
Hypertrophy, 100, 136 B, 190, 369 
Hyphae, 6 

ascogenous, 34, 37, 56, 7^ 
attachment, J9, 121 
coenocytic, 6, 9 
emergent, 42 
runner, JJJ, 122, 355 

Hyphomycetes, 49, 51, 53, 57, 332, 338, 380, 

538 

Ilypochnus purpureus, 468 
Hypocreaceae, 332, 335 
Hypodermataceae, 336 
Hypoplasy, 190, 283 
Hypothecium, 23 
Hypoxylon, 17 
Hysteriales, 336 

Immunisation, 281 et seq. 

Immunity, 105, 154, 281, 282 

Inclusion bodies, J77, 178, 286, 689 

Incubation, 86, 107, 163, 167, 271, 274, 278 

Indicator plants, 269, 303 

Indoleacetib acid, 202 

Indolebutyric acid, 202 

Infection : 

cushions, 17, 468 
full, 93 

hypha, 68, 86, 10 j, 112, 126, 210 
mycelial, iig et seq. 

papillae, 69, 70, 124, 125, 149 et seq., 379 
pegs, 69, T24, 146, 149 et seq. 
pre-penetration stages of, 107, 108 
primary, 85, 115, 167, 246, 390, 440 
secondary, 167, 440 
sub-, 93 


Infection — contd. 
suspended, 86 

systemic. See Systemic infection 
through specific parts or organs, 6j, 100, iii, 
ii4y 122, 124, 125, 126, 128, 140, 206, 
224, 363, 368, 373, 397, 406, 445, 478 
Infectious chlorosis, 255 
Inheritance, 150, 

Injection of minerals, 130, 131, 298, 308, 310, 
316, 321, 327, 328, 425 
Ink disease of Chestnut, 104, 113 
Insecticides, 236 
Insects : 

as virus vectors, 61, 257, 270, 276, 294 
dissemination of disease by, 209, 257, 270 et seq. 
ecological relationships of, in virus disease, 
276 et seq. 

spore dispersal by, 61, 79 Ky SOy 81 
Inspection of crops, 293, 544 
Interstitial cells, 67 F 
Intumescences, 7J5, 190 
Inulase, 70 
Invertase, 70, 71 

Ipomoea batatas. See Sweet Potato 
IRIS (Iris spp.) : 

Bacterium carotovorum on, 553 
Mosaic, 266 

Rosellinia necatrix on, 738 
Iron, 63, 178, 296, 300 
Irradiation, 96, 10 J 

IsoPYRUM FUMARioiDES, Pucciftia triticifia on, 359 
Jarrah wood, 951 

JASMINE (Jasminium sp.), infectious chlo- 
rosis, 255 

Juices, influence of host, on enzymes, 129 
JuNiPERUS VIRGINIANA, Fotttes antiosus on, 916 

Kabatiella enulivoray 234, 471 
Kaolin, 241 

KNOTGRASS (Illecebrum verticillatum), 
Helicobasidium purpureum on, 467 
KOHLRABI (Brassica oleracea var. callo- 
rapa) : 

morbid anatomy of, 737, 190 
resistance of, to Cabbage Yellow virus, 153 
KURAKKAN. See Ragi 

Laboubeniales, 332, 336 
Laccase, 70, 215 
Lachnea cretea, 10 
scutellatUy 55 H 
Lactarius, 76 
Lactase, 70 
Lactose, 71 

Lactuca. See Lettuce 
Lagenidiuniy 333 
LARCH (Larix decidua) : 
abnormal wood in, 7J5, 188 
Annosus or Heart Rot, 220, 42J, 424, 42 $y 

915 

Armillaria Root Rot, 21, 421, 42 2 y 907 
Butt Rot, 943 

Canker, 39, 426, 427^ 428, 918 
Meria Needle Cast, 923 
Polyporus schweinitzii on, 943 
smphureus on, 946 
Stereutn sangmnoientum on, 945 
Trametes pint on, 943 
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Larix decidua. See Larch 
GMELINI, resistance of, 923 
KAEMPFERI : 

Phomopsis pseudotsugae on, 938 
resistance of, 923 

LEPTOLEPSis, Dasyscypha willkommi on, 918 
occiDENTALis, MeHu larids on, 923 
Latent infection, 73 
Latent period in virus incubation, 271 
Lathyrus odoratus. See Sweet Pea 
Launea asplenifolia, Puccinia butleri on, 205 
Leaf Curl : 

of Almond, 770 
of Peach, 770 
of Potato. See Leaf Roll 
Leaf Drop Streak of Potato, 548 
Leaf hoppers, 257, 271, 277 
Leaf Mould of Tomato, 318^ jk), 672 
Leaf Roll of Potato, 269, 270, 539 * 

Ivcaf Rot : 

of Carnation, J96’, ^99, 852 
of Onion, 333, 706 
Leaf-scar infection, 106 
Leaf Scorch : 
of Apple, 324 
of Cherry, J65, 768 
Leaf Spot : 
of Beet, 125 

of Cabbage, J05, 506, 641 

of Celery, 140, 175, 178, 209, J97, 2(jS^ J99, 

630 

of Clover, 231, 466 
of Currant, 827 
of Oat, 210, 211, 415 
of Parsley, 630 
of Pea, 2g3, 616, 622 
of Strawberry, 125, 372, 785 
of Sycamore, 419^ 420, 904 
Leaf Stripe : 

of Barley, 216, 2iy, 431 
of Oat, 210, 211, 415 
Leaf suckers, 271 
Leathery Rot of Strawberry, 713 
Lecithinase, 70 

Ledum palustre, Sclerotinia heteroica on, 88 
LEEK (Allium porrum) : 

Peronospora destructor on, 693 
Sclerotium cepivorum on, 703 
Urocystis cepulae on, 699 
White Tip, 334, 710 
Leguminosae : 

Bacterial root nodules, 79, 91, 92, 155, 167, 

305 

Tomato Spotted Wilt, 683 
LEMON (Citrus limonum) : 

Glomerella cingulata on, 728 
iron deficiency, 296 
mixed fungal infection, 148 
Lemonniera aquatica^ 49 A 
Length of day, and incidence of disease, 158 
Lenticels, iii, 115, 140 
LENTIL (Lens esculenta), Ascochyta pino- 
della on, 619 
Lentinus lepideus^ 13, 212 
Lenzites^ 338 
abietina, 212 
sepiaria^ 212, 217 
trabeay 212, 217 

Lepargyrea canadensis, Pticdnia coronata on, 
412 


Leptomitaceae, 334 
LeptomituSy 334 
LeptosphaeriUy 336 

coniothyriuniy 402^ 804, 862 
rosarunty 40 2 y 862 
I^eptothyriiiniy 338 
pomiy 247 

LETTUCE (Lactuca sativa and L. scariola) 
Chlorosis, 305, 306 

Damping-off, or Bottom Rot, 237, 660 
Downy Mildew, 237, 3oSy jop, 651 
Erysiphe cichoracearum on, 695 
Grey Mould, 108, 237, 657 

Mosaic, 273, JJ4, 662 
Powdery Mildew, 237 
Ring Spot, j/o, 3iiy 654 
Yellows, 289, 290 
Leucoplasts, in virus infection, 285 
Lcvulose, 71 

Licences for import of plants, 224 
Lichens, 79, 89 y 90 
Licking disease, 317 

Light, influence of, in disease, 93, 108, 109, no 
144. 158, 166, 275, 375 . 458 
Light Leaf Spot of Cabbage, J05, 306 y 641 
Lignification, 70, 139, 150, 217, 218, 284 
Lignin, 72, 132, 150, 21 1 
Ligninase, 70 

Lignitubers, 124, 125, 150, 194 D-E, 227, 457 

Lignosulphonates, 71 

LILY (Lilium spp.). Mosaic, 263 

LIME (Citrus medica), Weather Tip, 99, 102 

LIME (Tilia europaea), Ustulina deusta on, 

153 

Lime arsenate, 236 
hydrated, 235 

influence of, as fertiliser, 318, 356, 422, 490, 

565 

-sulphur, 228, 232, 236 
Lime-induced Chlorosis, 297 
LING (Calluna vulgaris), Mycorrhiza in, 77 
LINSEED (Linum usitatissimum), in mixed 
crops, 105 
Linum. See Flax 
Lipase, 70, 71 

Liquidambar styraciflua, gum barriers in, 

186 

Lithium, 178, 237 

Lobelia syphilitica var. nana, susceptibility 
of, to virus, 291 

Lodging of cereals, 198 y 384, 420 
LOGANBERRY (Rubus sp.) : 

Bacterium tumefaciens on, 793 
Verticillium dahliae on, 810 
Lolium spp. : 

Corticium fuciforme on, 481 
endophytic mycelium, 74, 75, 77 
Ergot, 221 By 451 
Helminthosporium sativum on, 437 
Phialea temulenta on, 74 
Puccinia coronata on, 41 1 
systemic infection, 74 
Tilletia on, 362 

Loose Smut of Barley, 125, 2x3, 214 By 245, 426 
of Oat, 1 25, 205 B, C, 206 y 403, 4^ 
of Wheat, 125, xBg B, C, 245, 367 
LophodermiuMy 336 

pinastHy 50 E, 55 BT, J05, 115, r2j, J50, 
210, 4^9, 430, 9^ 

Lower Fungi, 331 
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LUCERNE (Medicago sativa) : 

Aphanomyces euteiches on, 609 

Bacterial Wilt, 154 

Crown Wart, 91, 128, J27, 225, 45a} 

Leaf Spot, 466 
root nodules, 156 
Sclerotinia trifoliorum on, 462 
Violet Root Rot, 467 
Yellow Top, 304 

Lunaria annua, cabbage virus on, 644 
hiinulospora curvula, 4<j K 
LUPIN (Lupinus spp.) : 

Ascochyta pinodella on, 619 
Chlorosis, 299 
Pea MovSaic, 624 
Verticillium dahliae on, 810 
Lychnis dioica, UsUlago violacea on, 206 
Lycium halimilifolium, Phytophthora hi- 
festans on, 516 
Lycoperdon^ 79 A-E 

Lycopersicum esculentum. See Tomato 
PIMPINELLIFOLIUM, 25O 
Lysins, 155 

Macroconidia, 5S Joo, joj^ 392, 608 

Macrogamctcs, 51 Cyl 
Macrohyphac, 379 
Macrophomina phaseoliy 1 3 
Macropsis trhnaculatay 272, 274, 277 
Macrosiphum geiy 588, 663, 686 

pisiy 625 

solanifoHiy 589 
sonchiy 663 
Macrosporiuniy 339 
commune y 495 
Macrostcles divisusy 272 
Magnesium, 63, 129, 318, 321 
MAIZE (Zea mays) : 

Blight, 145 

boron deficiency, 301 

Chlorosis, 296 

in LI.S.A. and India, 160 

Mosaic, 291 

Rust, 134, 150 

Scab (Seedling Blight), 162, 396 
Smut, 126, I4iy 145, 149, 150, 158 
Stewart’s disease (Bacterial Wilt), 62, 99, 105, 
154, 217, 249 
Streak, 272 

Take-all and Whiteheads, 377 
‘ Mai di gomma ’ (Citrus gummosis), 220 
Malachite green, 237, 480, 698 
Malaria, 88, 221 
Malformations, 264 
Maltese, 70, 71 
Maltose, 71 

Malvaceae, infectious chlorosis, 255 
Manganese, 178, 300, 305, 308 
MANGO (Mangifera indica) : 

Erysiphe cichoracearum on, 645 
Glomerella cingulata on, 728 
Powdery Mildew, 124, 645 
MANGOLD. See Beet 
Manihot utiussima. See Cassava 
Mannan, 72, 21 1 
Mannose, 71 

Manures. See Fertilisers 
MAPLE (Acer campestre) ; 

Pomes fomentarius on, 947 
igniarius on, 949 


MAPLE — contd. 

Polyporus squamosus on, 946 
Verticillium dahliae on, 810 
Marasmius, 67, 179, 338 
oreadesy S, 10 

perniciosus, 61, 99, J45, 198 
Margaritispora aquaticGy 49 J 5 , 50, 76 B 
MARROW (CucuRBiTA pepo), Powdery Mildew, 
170 

Marsh Spot of Pea, 296, 306, 625 
Marssoninay 338 

panattoniana, Jio, JiJ, 654 
Masking, 250 

Matricaria inodora, Peronospora radii on, 206 
Matthiola incana, cabbage virus, 643 
MEADOW FOXTAIL. See Alopecurus 
pratensis 

MEADOW GRASS. See Poa 
MEADOW GRASSES. See Grasses 
MPiADOW RUE, Puccinia triticina on, 359 
Mechanical pressure and infection, 117, 118, 121 
210 

Mechanism of feeding of parasites, 67 et seq. 
Media, Culture : 

composition of, and enzyme production, 63, 
72, 129 

limitations of, 73 

saltations on, 94 et seq.y 101, 102 

synthetic, 129, 13 1 

Medicago falcata and M. sativa. See 
Lucerne 
Melampsoruy 337 
liniy 174 

Mclampsoraceae, 337 
Melampsorellay 337 
Melanconiales, 332, 338, 471 
Melilotus alba. Pea Mosaic on, 623 
MelioUiy 335 
Meliolaceae, 67 
MELON (Cucumis melo) : 

Bacterium carotovorum on, 553 
Fusarium niveum on, 99 
Mendelian laws, 107, 108, 151, 272, 357, 370 
410, 414, 547 

Mercurialis perennis. See Dog’s Mercury 
Mercuric compounds, for seed dressing, 243 et 
seq.y 366, 395, 409, 410, 485, 492 
Meriay 339 
laricisy 923 
MeruliuSy 338 

lacrymansy 14, iSy 212 
Mesospores, 50 L, M, 215 By 430 
Meteorological conditions and incidence of in- 
fection, 57, 59, 82, 94, 104, 158 et seq.y 
250, 350, 355» 386, 394, 464, 466, 480, 
498, 504» 520, 529, 538, 596, 605, 633, 
655, 697, 705, 719, 727, 734» 775, 781, 
803, 813, 841, 849, 856, 865, 883, 919 
MICHAELMAS DAISY (Aster), Verticillium 
vilmorinii on, 130 
Microclimate, no, 16 1, 174, 419 
Microconidia, 37, 56?, 200, 20J, 392, 463, 608 
Microgametes, yi 
Microhyphae, 379 
Microsclerotia, 388 
Mtcrosfhaeray 335 
alphitoidesy 900 
grossulariacy 38 5 y 821 
quercinuy 901 
Microspores, 58 
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Microthyriaceac, 335 
Microthyriunty 335 
Middle lamella, 132 
Mildews. See Powdery Mildews 
MILLET (Pennisetum typhoideum), Sclero- 
spora graminicola on, 206 
Mineral nutrition, 63, 134, 144, 376 
Minor (trace) elements, 296 
MINT (Mentha piperita) : 

Rust, 246 

Verticillium dahliae on, 810 
Mites, 207, 271 
Mitochondria, 209, 286 
Moisture. See Humidity 
Molasses, 71 

Molinia, Claviceps purpurea on, 447 
Mollisiaceae, 336 
Monilia cinereay 348, 741 
fructigenay 134, 350y 74L 743 
Monoblepharidaceae, 331, 333 
Monohlepharisy 333 
Monosaccharides, 71 
Monotospora lanuginosay 97 
Morbid anatomy, 183 et seq.y 283 et seq. 

Mosaic disease : 

Aucuba, of Potato, 267, 2yi B, 550 
Bean {Phaseolus)y 273, 289 
Bean {Vicia)y 623 
Beet, 588 

Cucumber, 258, 266, 273, 289, 291 
Enation, of Pea, 265, 624 
Lettuce, 273, 662 

Mild, of Potato, 545, 687 
Pea (Pisum)y 286, 295, 623 
Raspberry, 814 

Severe, or Rugose of Potato, 271 C, 548 
Tomato, 680 

Yellow, of Tomato, 166, J24, 687 
Mottling, symptoms of, in virus diseases, 165, 
i66y J67, 261 

Mould : 

Black, of Cereals, 65, 387 

Blue, of Apple and Pear, 115, 13 1, 338, 721, 

730 

Grey, of Lettuce, 108, 237, J12, 657 
Hop, 139, 885 

Leaf, of Tomato, no, 3i8y 5x9, 672 
Snow, of Turf, 479 
Mucilage, 56, 71, 74 X 
Mucory spy 73, 334 
hiemalisy 53 
prainiiy 12 
ramannianusy 64 
rouxiiy 70 

Mucoraceae, 48, 331, 334 
MULBERRY (Morus alba and M. nigra) : 
Ganoderma applanatum on, 950 
Polyporus hispidus on, 947 
Mummies, 229 
Mushroom, 29, 60, 72 
MUSTARD (Brassica alba and B. nigra), 
Cystopus candidus on, 635 
Mutation, 92, 96, 153, 278 
Mycelia steriluiy 339 
Mycelial infection, 119 
Mycelium, 6 

coenocytic, 6, 9, 54 Ay 70 
endophytic, 122 
intercellular, 6 
intracellular, 5 


Mycelium — contd* 

perennial, 10, 83 et seq.y 9J, 94, 95, 96, 97, g8y 
99, 354, 360, 374 
primary, 44 

resting, 382, 388, 470, 480 
secondary, 44 
Mycetozoa, 5 
Mycogoncy 339 

Mycorrhiza, 75, 76, 77, 78, 85y 86 y 87 y 88 y 134, 

139, 155 

Mycosphaerellay 54, 336 

brassicicolay 125, joj, J04, 639 
fragariaey 125, J72, 785 
ptnodesy 293, 613, 616, 622 
Mycosphacrellaceae, 336 
Myxogastres, 559 
Myxomycetes, 559 
Myxosporium corticoloy 179 
Myzus persicacy 271, 276, 277, 291, 542, 543, 
548, 551, 588, 589, 625, 644, 663, 686, 

792 . 

pseudosolaniy 686 

NARCISSUS (Narcissus spp.) : 

Mosaic, 266 

Rosellinia necatrix on, 738 
Stripe disease, 194, 285 
White Mould, 40J, 404, 865 
Narcotics, influence of, in infection, 93 
Neck Rot of Onion, jjj, 706 
Necrosis, 104 AyByCy 113, 130, 775, 776, 253, 
257, 264, 272 
in virus diseases, 264, 283 
net, 264, 543 
phloem, 257, 547 
ring, 644 
top, 283, 545 
tuber, 267, 283, 551 
veinal, 267 
Nectar, 67, 92, 347 
Nectaries, 1 1 1 , 1 1 5 
Nectriay 27, 29, 335 
cinnaharinay 27, 28 A 

galligenuy 29, 42 By 49 M, 106 D, 115, 140, 
142, 146, JJ9, 340 y 341, 34 ^y 724 
Nectriaceae, 335 
Negri bodies, 259 
Nematosporoy 62, 208 
gossypiiy 64 

Neottia nidus-avis, Mycorrhiza in, 87 A 
Nephotettix apicalisy 257, 272 
NETTLE (Urtica dioica), Helicobasidium pur- 
pur eum on, 467 
Nickel, 236 

Nicotiana spp., virus diseases of, 177, 178, 265, 
267, 278, 280, 281, 283 
Nicotine, 236, 291 
Nitrifying bacteria, 71 
NitrococcuSy 71 

Nitrogen, 63, 71, 74, 77, 79, 94, 129, 131, 133, 

14s. 165, 172. 173. 176. 179. 364 

fixation, 74, 77, 79 
Nitrosomonasy 71 
Nodal infections, 125, 394, 438 
Nodule bacteria, 79, 9 J, 92, 1 56, 305 
Non-alcoholic drinks, 70 

Non-parasitic diseases, 571, 586, 587, 625, 678, 
746 

NostoCy 90 C 

Notification of diseases, 224 
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Nuclear division, 41^ 56 Q, 61 

fusion,' 34, 37, 40, 42, 44, 56, 349, 363 
Nuclei in fungi, 33, 34, 37, 41, 42, 45, 56 T, 

60 C, 62, 65 j3, 66 H, 67 Fy 70^ 96, 98 
Nucleic acid, 261 
Nucleoproteins, 3, 260 
Nutrient media. See Media 
Nutrition and mechanism of feeding by para- 
sites, 67, 72 

of fungi, 63, 67, 72, 97, 100, 108, 129, 176, 356 

OAK (Quercus spp.) : 

Brown, 951 
Butt Rot, 946 
Fistulina hepatica on, 951 
Fames fomentarius on, 949 
Heart Rot, 122 

Mildew, 61, 102, 105, 155, 166, 167, 900 
Partridge wood, 951 
Pedunculate, 900, 901, 903 
Piped Rot, 951 
Polyporus frandosus on, 947 
dryadeus on, 947 
sulphur eus on, 946 
Sessile-, 900 

Stereum frustulatum on, 951 
gausapatuniy 950 
hirsutum on, 950 

White Pocket Rot. See Partridge wood 
OAT (Avena sativa) : 

Black Rust, 88, J79, 343 

Brown Foot Rot and Ear Blight, 389 

Covered Smut, no, 152, 205 A, 2Jj, 214 A, 

243, 403, 409, 427 

Crown Rust, 144, 173, 207, 208, J09, 411 
Grey Speck or Grey Leaf, 212 y 305, 308, 420, 
627 

Leaf Stripe and Seedling Blight, 126, 2/0, 2/j, 

415 

Loose Smut, 125, 205 B, C, 206, 403, 404 
Mildew, J92 Ay 372 
Pupation virus disease, 293 
Pythium de baryanum on, 579 
Smuts, 175, 403 

Take-all and Whiteheads, J95, 296, 377 
Tall. See Arrhenatherum avenaceum 
Obligate parasites, 64, 70, 73, 132, 133, 134, 179 
Oidia, 37, 44, 5^, bSy^g 
Oidium euonymi-japoniciy 209 
quercinumy 901 
tuckeriy 102, 840 
Oil vesicles, 1 1 5 

Olive (Olea europaea). Fames famentarius on, 
947 

Olpidiaceae, 333 
Olpidimiy 333 

radicicolumy ii Fy G, H 
viciae, 137 

Omphatia flaviday 122 
ONION (Allium cep a) : 

Bacterium carotovorum on, 553 
Downy Mildew, 50 Ay By C, 84, 134, 162, J27, 
52^, 329, 693 
Egyptian, 158 

Neck and Leaf Rot, 332, 333, 706 
Pink Root, 148 
Smudge, 146 

Smut, 102, 224, 226, 241, 330y 699 
White Rot, 331 * 703 
Yellow Dwarf, 271 


Ontginningsziekte (Reclamation disease), 312 
Oogonium, 33, 56, 72^ 83 C 
Oomycetes, 33, 52, 333 
OosporUy 339 

citri-aurantiiy 148 
pustulans, 267^ 268, 537 
Oospore, 33, 73, 83, 83 C, 100 
OphiaholuSy 336 

graminisy 29, 3^y 55 L, My Ny 113, ii4y 122, 124, 
J25, 150, 171, J94, J95, 296, 228, 252, 
377, 386, 387 

heterostrophusy 50 Dy 5s Ey 76 A 
miyabeanus, 178 
sativusy 437 
Ophiostomay 897 

ulmi. See Ceratost amelia idmi 
ORANGE (Citrus aurantium) : 
iron deficiency in, 296 
irrigation water, influence of, on, 253 
mixed infections of, 148 
Penicillium digit atum on, 124 
Organic acids, as food for fungi, 132, 144 
Organo-mercury dusts, 245 et seq. See Mer- 
curic compounds 
Organoid galls, 205 

ORNAMENTAL AND MISCELLANEOUS 
PLANTS, DISEASES OF, 846 et seq.y 
947 

Ornithogalum umbellatum and O. pyrenai- 
CUM, Puccinia anomala on, 92, 430 
Osmotic pressure, 147 
OvulariQy 53, 866, 868 
primulaey 53 
Oxalic acid, 129 
Oxidation and sporulation, 110 
Oxidising enzymes, 70 
Oxycellulose, 212 

Palisade tissue, effect of infection on, J2j, 2j6, 

JJ9, 140y 143 y 358y 361 y 

Pallor, 286, 297 

PALM, OIL (Elaeis spp.), Ganoderma ap~ 
planatum on, 950 

Panama disease of Banana, 102, 226 
Panus stypticuSy 35 

PAP AW (Carica papaya), delayed infection in, 86 
Papillae, infection-, 82 A-Ly iiiy 119 
Paracrinkle of Potato, 261 
Paraphyses, 29, 42, 47, 67 D 
Parasites : 

ectophytic, 67 
endophytic, 5, 67, 74 
facultative, 64, 65, 129, 133 
in relationship with host, 91, 107 
mechanism of feeding of, 67 et seq. 
obligate, 64, 70, 73, 132, 133 
persistence of. See Persistence 
wound, 65 

Parasites and saprophj^es, 64, 65, 86 
Parasitism, 88, 89, 128 

specialisation of, 73, 89, 129 
PARIS DAISY (Chrysanthemum frutescens). 
Bacterium tumefaciens on, 793 
PARSNIP (Pastinacea sativa), Bacterium caro- 
tovorum on, 553 
Partridge wood, 951 

Pasture and forage crops, diseases of, 452 et seq. 
PaxilluSy 76 

PEA (PisuM sativum) : 

Enation Mosaic, 265, 624 
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PEA — contd^ 

Foot Rot, 1 1 9, 6zo, 622 
Leaf, Stem, and Pod Spot, 29/, 292, 612, 622 
Leaf, Stem, Pod Spot, and Foot Rot, 29 j, 616, 
622 

Lettuce Mosaic, 662 
Marsh Spot, 296, 306, 625 
Mosaic, 286, 295, 623 
Powdery Mildew, 456 
Root Rot, 178, 290, 609, 622 
Uromyces hetae on, 592 
pisi on, 593 

PEACH (Prunus persica) : 
aphis. See Myzus persicae 
Chlorosis, 296 
Fomes pinicola on, 943 
Leaf Curl, 37, 85, 100, 143, i97, 36y, 

770 

Mosaic, 292 

Phony disease, 274, 292 

Rosellinia riecatrix on, 738 

Rosette, 289, 292 

Rust, 170, 236, 761 

Shot Hole, 36S, 36g, 776 

Stereum purpureum on, 763 

Yellows, 257, 261, 266, 271, 272, 274, 289, 

292 

PEAR (Pyrus communis) : 

Blossom Wilt and Spur Canker, 740 
Chlorosis, 296, 316 
Drought Spot, 302 
Exanthema, 316 
Fireblight, 102, 165, 226 
Glomerella cingulata on, 728 
Mildew, 716 

Poly poms sulphur eus on, 946 

Rosellinia necatrix on, 738 

Scab, 83, 94, 102, no £>, E, 140, 228, .754, 355> 

r, 749 

Stereum purpureum on, 763 
PECAN (Carya pecan), Rosette, 308 
Pectin, 13 1, 132, 163, 186, 209 
Pectinase, 67, 70, 72, 129, 130, 147, 165, 218 
Pelargonium, Pythium de baryanum on, 579 
Pencilled wood, 951 

Penetration of host by fungi, 82 A-L^ 93, 103, 
108, log, no, in, 121, 124, 137 
Penicillin, 172 

Penicillium, so, si, S7. 72. 73. 77 <7, 146, 247, 

335. 382 

digitatum, 115, 124, 14S 
expansum, 115, 131, 338, 721, 730 
italicum, 148 
javanicum, 71 
notatum, loi, 102, 172 
Pennisetum typhoideum. See Millet 
Pentalorda mgronervosa, 294 
Pentosans, 71, 72, 145, 21 1 
Pentratrichopus (Capitophorus) fragariae, 789 
tetrahodus, 789 

PEPPER, CHILLI (Capsicum annuum) : 
Colletotrichum capsid on, 253 
Pythium de baryanum on, 579 
reaction of, to Tobacco Mosaic virus, 

281 

Pepsin, 70, 71 
Peptone, 71 

Perennation. See Persistence of fungi 
Perennial mycelium. See Mycelium 
Perfect stage of a fungus, 30, 33» 44» 5L 55, 99 


Peridermium elatinum, 207 
pini, 104 

Peridium, 67, 183 B, 184, 349 
Periphyses, 38, 66 
Perisporiaceae, 335 

Perithecia, 26, 27, 38, 42, 82, 196, 204, 223 C, D, 
335 

Peronospora, 334 

destructor, n, 50, 83, 134, .727, 328, 329, 693 

effusa, 83, 134, J25, 326, 691 

pu asitica, n, 68, 83, 149, 301, 302, 635, 637 

pulveracea, 150 ' \ 

radii, 206 

schachtii, 82 O, 281, 282, 574 
tabacina, 227, 240 

Peronosporaceae, 48, 72, 83, 85, 91, 100, 209, 
210, 334, 635, 834 
Peroxidase, 70 

Persistence of parasites from year to year, 82, 

228 

Pestalozzia, 338 
Petroleum, 236 
Pezizales, 332, 336 
Phacidiales, 332, 336 
Phaeocryptopus gdumatmii, 938 
Phallus, 79 G-K 
Phaseolus vulgaris. See Bean 
Phellinus cryptarum, 215 
Phenolic compounds, 143, 144, 209, 310 
Phialea ternulenta, 74 
Phialides, 50, 76 B, C, 77 C 

Phialospores, 50, 51, 76 B, C, 77 C 
Phleum pratensk, resistance of, to Ophiobolus 
graminis, 382 

Phloem necrosis, 175, 176, 257, 284, 547 
Phoma, 77, 338 
betae, 301, 578, 581 
destructively 53 
lingam, 246, 279, 567 
terrestris, 148 
tuber osa, 497 
Phomopsis, 146, 338 
aucubae, 7 
dtri, 148 
psendotsugae, 938 
Phosphorus, 63, 144, 172, 375 
Photosynthesis, 63, loi, 167, 370 
Phragniidium, 91, 337 
mucronatum, 864 
subcorticatum, 49 Q 
Phragmospores, 404 C, 868 
Phycomycetes, 3, 48, 51, 67, 150, 331, 332 
Phyllachora, 336 
Phyllactinia, 335 
Phyllody, 205, 266 
Phyllosticta, 338, 785 
Phylloxera, 297 

Phymatotrichum omnivorum, 132, 178, 237 
Physalis, Spotted Wilt, 683 
Physalospora 336 

miyabeana, 415, 416, 890 

obtusa, 299 

salicis, 

Physiologic races, 58, 89, 91, 94, 99, 100, 151, 
ISJ, 180, 249, 344 
Physma chalazanum, 78 
Phytamoeba, 259 
Phytohormones, 185, 208 
Phytemyza aqutfoUa, 136, 189 
Phytopathological services, 242 
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Phytophthora, 70, 218, 220, 236, 334 
cactoruniy 25 J 5 , 33 5 > 7^3 

camhivora, 104 
colocasiae^ 109 

cryptogea^ 403, 510, 664, 869 
erythroseptica, 72, 125, 130, 252, 233^ 403, 508, 

509, 869 

fragariae, 125, 37^ > 37^ y 7^0 
infestans, 6, 85, 91, 97, 132, 153, 169, 218, 249, 
234 y 233, 236, 237 , 233, 514 
megaspermay 510 
palmivoray 133 
parasitictty 664, 667 
porriy 334 , 71 ® 
syringacy 713, 715 
PiCEA spp. See Spruce 
Pickling of cereals, 245, 365 
Piesma quadratay 271, 272 
PIGEON PEA (Cajanus indicus), Fusarium 
vasinfectiim on, 177 
Pigments, 10, 98, 146, 209, 286 
PUoholuSy 48, 74 A-D 
PiMENTA OFFICINALIS. See Pimento 
PIMENTO (PiMENTA officinalis), Puccinia 
psidii on, 102 

PINE, SCOTS (PiNUS SYLVESTRIS) : 

Butt Rot, 943 
Heart Rot, 915 

Needle Cast, 12 j, 142, J50, 429, 43^, 926 
PINE, WEYMOU'PH (PiNUS strobus) : 

Blister Rust, 83, 95, 102, 103, 225, 9^9 
Polyporus schweiniizii on, 943 
PINEAPPLE (Ananas comosus) : 

Chlorosis, 296 
Crookneck, 31 1 
PiNUS : 

ALBiCAULis, Cronartium ribicola on, 935 
CARIBEA, Lenzites on, 212 
CEMBRA, Cronartium ribicola on, 935 
Lophodermium pinastri on, 926 
CONTORTA, Fomes annosus on, 915 
EXCELSA, Cronartium ribicola on, 935 
HALEPENSis. See Aleppo pine 
LAMBERTIANA, Cronurtium ribicola on, 935 
Lophodermium pinastri on, 926 
MONTANA, Lophodermium pinastri on, 926 
MONTICOLA, Cronartium ribicola on, 104, 933, 

935 .... 

NIGRA, Lophodermium pinastri on, 926 
PEUCE, Cronartium ribicola on, 935 
PONDEROSA, Lophodermium pinastri on, 926 
STROBUS, Cronartium ribicola on, 103, 929 
Fomes annosus on, 915 
SYLVESTRIS, Fomes annosus on, 915 
Lophodermium pinastri on, 9^ 

Polyporus schweinitzii on, 943 
TAEDA, Lenzites on, 212 
Pionnotes, 51, 391 
Piped Rot of Oak, 951 
Piricularia oryzaey 119, 178, 237, 250 
PLANE (Platanus orientalis), Polyporus his- 
pidus on, 947 

Plant protection, 221 et seq. 
juices, influence of, in enzyme production, 

129 

Planting. See Sowi^ 

Plasmodiophora brassicae, 2 F-Iy 6, 178, 276, 277,1 

573 

tabaciy 259 

Plasmodiophoraceae, 5, 197, 494 


Plasmodium, 2, 6, 277, 27^, 495 et seq,y 560 et 
seq. 

PlasmoparOy 334 

viticoloy III, 228, 390 y 833 
Plectascales, 335 
Plectenchyma, 10, it> 

Plectodiscella venetUy 802 
Plectomycetes, 37, 332, 334 
Plenodesmus fuscomaculans, 1 1 o 
Pleomorphism, 42, 64 
PleosporUy 336 
betae, 582 
graminea, 432 
Pleosporaceae, 336 
Plowrightiay 336 
PLUM (Prunus domestica) : 

Bacterial Canker, 147, 752 
Bacterial Shoot Wilt, 755 
Bladder, 194 

Blossom Wilt, Spur Blight, and Wither Tip. 
See Apple 

Brown Rot. See Apple 
Chlorosis, 296 

Drought and Gum Spot, 302 
P'omes disease or Heart Rot, j6j, 767 
Fomes igniarius on, 949 
pinicola on, 943 
Polyporus sulphureus on, 946 
Rust, 170, 236, J59, 760 
Shot Hole, 170 

Silver Leaf, 124, 131, 147, 3(>ty 362, 

. .7^3 

V erticillium dahliae on, 810 
PoA : 

Ergot, 450 

Erysiphe graminis on, 372 
Helicobasidium purpureum on, 467 
annua : 

Calonectria grominicola on, 480 
Cortidum fuci forme on, 481 
Erysiphe graminis on, 372 
BULBOSA, perennial mycelium in bulbils, 85 
trivialis. Reclamation disease, 313 
Pocket (Bladder) plums. See Plum 
Podosphaeray 335 

leucotrichdy 84 G, //, 33(>y 337 , 7^6 
Podospora curvuloy 33 Gy 74 E-G 
fimiseddy 74 K 
Pollen, infection of, 126 
reduction of, 388 
sterility of, 266 
Polymorphism, 53 
Polyopeusy 338 
Polyploidy, 153, 250 

Polypodium aureum, Erysiphe graminis on, Jn Z) 
Polyporaceae, 53, 338 
Polyporus, 338 
adustuSy 64 
betulinusy 433 F, 946 
dryadeusy 434 O, 947 
frondosusy 433 F, 947 

gilvuSy 186 

hispidusy 433 Cy 947 
rnyUttae, 12 

schweimtziiy 217, 433 A, 941, 943 
shoreae, 217 

squamosusy 34, 65, 217, 220, 433 D, 946, 950 
subacidusy 217 
sulphureus y 434 E, 945, 946 
Polysaccharides, 71, 145 
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Polyspora^ 338 
linicolay 172, 244 
PolystictuSy 13, 338 
abiettnusy 70, 215 
pergamenusy 186 
versicolor y JJ, 213 
Polystigmuy 335 
Polythrinciuniy 228 y 459 
POPLAR (PopuLus spp.) : 

Fomes fomentarius on, 947, 949 
igniarius on, 949 
pinicola on, 943 
Ganoderma applanatum on, 950 
Polyporus sulphur eus on, 946 
Trametes suaveolens on, 213 
POPULUS TREMULA, P. TREMULOIDES, P. GRANDI- 
DENTATA, Fomes on, 949 
PoriUy 13, 338 
hypolateritiay 179 
vaillantiy 212 
weiriiy 217 

Post-penetration stage, of infection, 128 
Potassium, 63, 94, 119, 165, 172, 176, 177, 179, 

324, 32s 

POTATO (SoLANUM tuberosum) : 

‘ A * strain of Phytophthora infestans on, 522 
‘ A * virus, 280, 281, 282, 283 
Acronecrosis, 283 
Aucuba Mosaic, 267, 271 J9, 550 
‘ B * strain of Phytophthora infestans on, 522 
Bacterium carotovorum on, 553 
Black Dot, 173, 262, 263y 531 
Black Leg, 240, 253. 483 
Black Scurf, 13, 173,252,259,260, 267, 524,661 
Blight, 6, 54, 85, 91, 97, loi, 152, 158, 

165, x68, 169, 173, 250, 254, 255, 256, 
257 > 290, 514 

‘ C ’ strain of Phytophthora infestans on, 522 
‘ C ’ virus of, 280, 281, 283 
Common Scab, 109, 115, 140, 158, 171, 247, 
242, 24J, 244, 245, 486 
Crinkle, 272, 547, 549 
Dry Rot, 176, 251, 264, 265, 532 
Erysiphe cichoracearum on, 645 
‘ Giant Hill *, 264 
Internal Rust Spot, 303 
Leaf Drop Streak, 548 
Leaf Roll, 164, 256, 269, 270, 279, 290, 539 
Mottle, Mild, or Simple Mosaic, 545, 687 
Net Necrosis, 284, 543 
Paracrinkle, 261 
Phloem Necrosis, J75, 284 
Phytophthora cryptogea on, 664 
parasitica on, 664 
Pink Rot, 125, 130, 252, 25J, 509 
Powdery Scab, 171, 226, 244, 246, 247, 

Ring Spot, 223 

Rosellinia necatrix on, 738 

Rugose or Severe Mosaic, 271 C, 548 

Silver Scurf, 266, 535 

Skin Spot, 244, 267, 268y 537 

Spraing, 303 

spraying, I57> ^5^ 

virus diseases of, 156, 266, 267, 279, 539 etseq. 
Wart Disease, 59, 102, 109, 117, 146, 147, 152, 
155, i7o> 223» 249y 250, 252, 

Watery ^ound Rot, 25J, 507 
Witches* Broom, 264, 285 


POTATO— cow/if. 

‘ X * virus, 277, 278, 280, 281, 283 
‘ Y * virus, 275, 282, 283 
POTATOES : 

breeding of, for resistance, 152, 153, 250, 279, 
280 

certification of, 224 
composite virus diseases of, 267 
deterioration of, 256, 276, 289 
treatment of tubers of, 244, 293 
v'rus carriers, 268, 276 
POTATOES AND ROOT CROPS, DIS- 
EASES OF, 250, 267, 303, 483 et seq. 
POTENTILLA ANSERINA and P. STERILIS, virUS 
vector on, 789 

Powdery mildews (Mildews) (Erysiphaceae), 
37, 64, 82, 102, 108, no, 155, 166, 
174, J92, 193, 22^y 227, 230, 237» 507, 
335, 33 by 337 y 372,/?<^’3, 3 ^ 4 , 3 ^ 5 * 39 J. , 
392y 400y Asby 644y7i6, 8f7, 82W, 839/ 
. . . 8^, 885,'>90 o 
P recipitins, 155, 799 
Preferential food hypothesis, 383, 491 
Primary infection. See Infection 
Primary mycelium, 44 
PRIVET (Ligustrum vulgare), Glomerella 
cingulata on, 728 

Prohibitions for disease control, 222 
Promycelium, 40, 41, 42, 50, 62, 64 D, 100, 

346, 404 

Proprietary fungicides, 229 
Protease, 70 

Proteins, 63, 71, 134, 172, 259 et seq. 

Proteolytic enzymes, 71 
Protobasidiae, 332, 336, 337 
Protocatechuic acid, 147 
Protomyces, 91, 335 
macrosporusy 1 97 
Protomycetaceae, 335 
Protozoa, 3 

Pruning, 124, 186, 228, 246, 297 
Prunus mume, Caeoma makinoi on, 206 
SPP., Sclerotinia laxa on, 740 
Psalliotay 338 
Pseudocomisy 208 
Pseudodiscosiay 53, 338 
dianthiy 853 

Pseudomonas angulatiy 165 
citriputeahy 253, 757 
fiuorescensy 155 

medicaginis var. phaseolicolay 601 
mors^prunorumy 147, 752 
phaseolicolay 56, 85, 99, 28 jy 596 
prunicolay 752 
radicicoluy 79, 9/, 92 
saliciperday 888 
syringacy 757 
tahaciy 131, 165, 326 
Pseudoparenchyma, 10, j6, 122 A 
Pseudoperonosporay 334 . 

humuliy 85, 98 y 128, 134, 226, 410, 41 Jy 879 
PseudopezizQy 336 
ribiSy 388, 827 
tracheiphilay 228 
trifoliiy 41, 231 y 466 
Pseudosclerotia, 17, 21 y 220, 909 
PSEUDOTSUGA DOUGLASii. See Douglas Fir 
GLAUCA, ibid. 

var. CAESIA, ibid. 

TAXIFOLIA, ibid. 
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Psorosis Act, 292 
Puccinia, 337 

anotnala, 30, 84 D-F, 92, 98, roj, 104^ 430 
antirrhini, 394, 846 
butlerif 205 

coronata, 22 ^ 92, 98, 144, 180, 207, 208 ^ 2ogy 
41 1 

dispersUy 163 

glumaruniy 92, 94, 148, 151, 163, 167, 174, 180, 
187, i88y 343, 352, 363 
gramifiis, 49 P, 50 JV, O, 57, 64, 65^ 67, 87, 89, 
92, 100, 107, 118, 144, 145, 151, 163, 

166, 179, l80y 181 y 182 y i J , i 

^<^6, 343 , 41 1 
avenaCy 344 . 
secalisy 344 
triticiy 344 

loin. See P. coronata 
malvacearunty 84 A^C 
maydisy 134 
menthaCy 246 
phragniitesy 66 
pringsheimiana, 386 y 821 

psidiiy 102 

shnplex. See P. anoviala 
sonchiy 50 Ly M 
spinosaCy 170, 236, 760 

triticinay 92, 94, 144, 148, 163, 174, 180, 343, 
358, 3 (>i 
violaey 206 
Pucciniaceae, 337 

PULSE CROPS, DISEASES OF, 592 
Pycnidia, 23, 57, 211 G, 220y 299, 579 C 
Pyrenomycetes, 37, 40, 332, 335 
Pyrenophoray 336 

avenacy 270, 277, 415 
gramineay 2/5, 276, 431 
441 

Pyrus malus. See Apple 
COMMUNIS. See Pear 
spp. Sclerotinia laxa on, 740 
Pythiaceae, 334 

’^Pythiuniy 70, 116, 160, 334, 658, 660, 783, 870 
aphamdermatumy 578, 584 
arrhenomaneSy 176 

de baryanum, 65, 72, 130, 132, 139, 163, 172, 

, . 578. 579 

ultimunty 73, 132, 257, 507 

Quarantine, 59, 222 

Quercina disease of Thorn Apple, 208 

QUERCUS : 

CERRIS, Q. CONFERTA, Q. MACROCARPA, Q, 
NIGRA, Q. PALUSTRIS, Q. PEDUNCULATA, 
Q. PHELLOS, Q. ROBUR, Q. SESSILIFLORA, 

reaction of, to Mildew, 900 et seq. 

Q. SUBER, Q. OCCIDENTAL IS, Fomes fomentarius 
on, 949 

QUINCE (Cydonia vulgaris) : 

Glomerella cingulata on, 728 
Verticillium dahliae on, 810 

Races. See Physiologic races and Specialised 
races 
Radiation, 166 

RADISH (Raphanus sativus) : 

Cystopm candidm on, 635 
Pnoma Ungam on, 567 
Radium, 96 


Radulospore, 50, 51, 77 D 
RAG I (Eleusine coracana), Piricularia on, 250 
Ramulariay 53, 54, 339, 785, 866, 869 
narcissi, 866 
primulae, 53 

vallisumbrosae, 53, 403, 404, 865 
RASPBERRY, RED (Rubus idaeus) : 
Anthracnose. See Cane Spot 
Cane Blight, 804 

Cane Spot or Anthracnose, 377, 800 
Chlorosis, 296 

Crown Gall, 146 D, 202, 575 , 57^, 793 
Mosaic, 290, 5cS’2, 814 
Sphaerotheca humuli on, 885 
Stereum purpureum on, 763 
Verticillium Wilt or Blue Stripe Wilt, 252, 
38ly 810 

RASPBERRY, BLACK (Rubus occidentalls), 
Elsinoe veneta on, 800 

Ratio : 

Carbon-Nitrogen, 129 
Nitrogen-Potassium, 395 
Reaction of soil, iii, 382, 402, 440, 490, 564 
Receptivity of the host to infection, 137 
Reclamation disease, 312 
Red Core of Strawberry, 570, 577, 780 
Leaf of Willow, 887 
Rot of Sugar Cane, 102, 125, 132, 251 
Stele of Strawberry. Sec Red Core 
Stripe of Sugar Cane, 251 
Reduction division, 33, 405 
Refrigeration, 56 
Rennet, 70 

Reproduction of fungi, 20 et seq. 

Reserve foods, lo, 13, 63, 88, 100, 547, 868 
Resin, 10, 143, 220 

Resistance, selection and breeding for, 56, 94, 
124, 137, 144, 248, 351, 360, 376, 401 
Resistance and susceptibility, 278, 351 
Resting spores, 77, 224, 225, 249 D, 503, 562, 
.639 

Reversion disease of Currant, 5^9, 830 
Rhabdocline pseudotsugae, 55 J, 227, 936 
Rhamnus spp. See Buckthorn 
Rhizoctonia, 16 , 76, 86, 91, 139, 160, 339, 658 
bataticola, 132 
crocorum, 10 C, 77, 468 

solaniy 13, 13 C, 54, 137, 143, 162, 165, 172, 
173, -59, ^60, 267, 385, 524, 660 
violacea, 468 

Rhizomorphs, 14, 17, jS, 79, 20, 772, 119, 120, 
129, 130, 422 B 

RhizophaguSy 77, 79, 88, 134, 143 
Rhizopusy 334 

stolonifer, 24, 72, 208, 218 
Rhizosphaera, 338 
Rhodotorula rubra, 64 

RHUBARB (Rheum rhaponticum). Cabbage 
virus on, 643 
Rhytisma, 336 

acerinum, 5, 17, 25, 29, 67, 209, 419, 420, 904 
Ribes nigrum. See Currant 
RICE (Oryza sativa) : 

Bakanae disease, 205 
Blast, 1 19, 237 
Chlorosis, 296 

Dwarf disease, 257, 271, 272 
Mentek disease, 326 
Take-all and Whiteheads, 377 
White Tip, 319 
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Ricinus communis, regeneration of tissues in, 
183 

Ring barking, 914 

Ring Spot of Cabbage, 125, 303, 3^4^ 639 
Robinia pseudacacia. See Acacia 
Roguing, 291 

ROOT CROPS, DISEASES OF, 4«3 et seq. 
hairs, infection through, iii, 270, 277, 562 
nodules (Leguminosae), 79, 9J, 92, 155, 167 
-stock and scion, influence of, on infection, 
250, 299, 325 
Root Rot : 

of Conifers, 907, 941 
of Larch. See Inarch 
of Pea. See Pea 
Rosaceae, 91 
ROSE (Rosa spp.) : 

Black Spot, 133, 401^ 857 
Brown Canker and Die Back, 124, 861 
Mildew, 400, 855 
Rust, 864 

Stem and Graft Canker, 402, 862 
Rosellinia^ 179, 336 
necatriXy 347 y 738 
Rot ; 

of Clover. See Clover 
Top, of Trees, 943 
RUBBER (Hevea brasiliensis) : 

Bast Disease, 186, 188, 246 
Oidium, 102 

Rubus idaeus. See Raspberry 

PROCERUS, Bacterium tumefaciens on, i^cV, iqOy 
795 

Runner hyphae, JJJ, J95 
Russuluy 76 

Rusts {Uredineae)y 41, 53, 70, 83, 85, 87, 92, 98, 
102, 108, no. III, 133, 144, 155, 163, 
167, 173, 206, 209, 284, 285, 337, 41 1, 
43O) 592, 760, 821, 846, 864 
RYE (Secale cerealis) : 

Black Rust, 342 
Choke, 473 

Ergot, 61, 177, 221 Cy 243, 445 
Mildew, 372 
Snow Mould, 243 
Stripe Smut, 165 
RYE GRASS. See Lolium spp. 

Saccharomycesy 57 
Saccharomycetaceae, 335 
Saccharum spp. See Sugar Cane 
Salix spp. See Willow 

Saltation, 63, 92, 94, 98, loiy 102, 102, 153, 249, 

417 

SANDALWOOD (Santalum album). Spike 
disease, 193, 206, 261, 265, 266, 274, 
289 

Sanitation, 227, 252 
Saperda tridentatay 899 
Saprolegniay 334 
mixtay 73 

Saprolegniales, 331, 609 
Saprophytes, 64, 72, 128, 21 1, 364 
Saprophytic viruses, 261 
Scab : 

of Apple, 730. See Apple 
Citrus. See Citrus 
Maize, 396 
Pear. See Pear 
Potato. See Common Scab 


Scab — contd. 

Powdery Scab. See Spongospora subter- 
ranea 

Wheat. See Wheat 
Willow. See Willow 

ScHiZANTHUS RETUSUS, Spotted Wilt on, 683 
virus ‘ Y ’ on, 283 
Schizomycetes, 3 
i!^ion. See Root-stock 
^lerenchyma, and resistance, 351, 386 
JSclcrosporay 102, 150, 194, 217, 334 
graminicolay 194, 206 
macrosporay 207 

sacchariy 102, 125, 205, 226, 227, 279 
Sclerotia, 12, 14, /5, i6y 17, 20, 54, 84, 88, 95, 

J15, 170, 223 By 228, 230, 241, 433, 
443 » 445> 468 

Sclerotimay 37, 5S By 87, 227, 336, 594 
liner eoy 40 A 
convolutUy 3S 

fructicolay 108, 172, 741, 745 
fructigenoy 72, 134 
homoeocarpay 237, 479, 482 
laxUy 139 

forma maliy 348, 741 
forma pruniy ibid, 
minor y 40 B 
polyblastisy 40 C 
rhododendriy 87 
sclerotiorumy 86, 229 
trifoliorumy 13, 13 By 230, 461 
SclerotiuMy 339 
bataticolumy 13 
cepivorum, 331 y 703 

rolfsiiy 13 
stipitatumy 12, 23 
Scolecospores, 404 C, //, 866 
Scolytus multistriatusy 62, So, Si, 899 
scolytusy 899 
Scorching, 324 
SCOTS PINE. See Pine 
Scutellum, 124, ii() 

Scytonemay ()0 B 

SEAKALE (Crambe maritima), Helicobasi- 
dium purpureum on, 467 
SEA-LYME GRASS (Elymus arenarius) : 
Erysiphe graminis on, 372 
Ustil^o hypoditys on, 205 
Seasonings, 70 

Secondary infection. See Infection 

Secondary mycelium, 44 

Seed disinfection, 61, 162, 222, 229, 242, 409 

Septogloeum, 338 

Septoria, 53 > 3 38 

apiiy 175, 178, 209, 630 
apii-graveolentisy 140, 297, 298, 299, 630 
ly coper sidy 175, 290 
nodorum, 322 
petroselirdy 630 

Sequoia gigantea, Phomopsis pseudotsuga on, 
938 

Serology, 282 
Setae, 28 g, 604 
Sewage viruses, 261 
Sexual reproduction, 31 
Sexuality : 

in AllomyceSy 51 
in Archimycetes, 503 
in Ascomycetes, 33, 34, 56, 58, yi, 72 
in Ascophanus aurora, 56 
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Sexuality^ — contd. 

in Basidiomycetes (Higher), 40, 44^ */5, 60 

in Chytridiaceae, 33 
in Cystopus candidus^ 52 
in fungi, 20 

in Humaria granulatOy yi 
in Mucor^ 5J 
in Oomycctes, 34, 32 
in Peronospora parasitica, Sj C 
in Phycomycetes, 33 

in Puccinia graminis, 1^3, 1^4, J<S’5, J<V6, 347 
in Rusts, 41, 42, 43, 44, 45, 59, ^5, (>^, ^>7 
in Sclerotinia, 40, 53, 463 
in Smuts, 40, 41, 42, 61, 62, 63 
in Sporodima grandis, 54 
in yeasts, 57 

Shade, influence of, in infection, 253 
SHALLOT (Allium ascalonitim) : 

Botrytis allii on, 706 
Peronospora destructor on, 693 
Sclerotium cepivoriim on, 703 
Urocystis cepu/ae on, 699 
Shanking, 405, 869 

Sharp Eyespot of Wheat, rgy inset, 385 
Sheaths, cellulose, 150 

Sheep-grazing, in control of clover rot, 465 
Shot Hole, formation of, 1 ?9, 240, 193 
of Antirrhinum, 395, J96, 848 
of Peach, 139, 140, 193, 369, 776 

Silica, 119, 178 
Silicification, 119, 376 

Silver Leaf of Plum, 124, 360, 361, 362, 763 
Scurf of Potato, 266, 535 
Slugs, 62, 93» 94> 553 
Smudge of Onion, 146 

Smuts (Ustilaginales), 40, 41, 45, 6/, 64, 70, 84, 
85, 93. 100. 109. ^21, 125, 133, 152, 
175, 206, 210, 223, 224, 245, 250, 336, 
337. 399, 403. 426, 427. 699. 851 
Soaps, 1 19 

Soft Grass. See Holcus mollis 
Rot of Turnip, 27 j, 274, 275, 553 
Rots, 139, 218, 553 

Soil, 61, 84, 169, 170, 171, 229, 240, 252, 275, 
305.318 

effects of sterilising, on infection, 108, 240 
fungal flora of, 170, 379, 386, 398, 472, 491 
microflora of, 84, 240, 381 
moisture. Sec Humidity 
nutritional factors concerned with, 169 
reaction. See Reaction 
sickness, 252, 461 
SoLANACEAE, 1 53, 25O, 268, 499 
Solanum CRISPUM, Phytophthora infestans on, 
S16 

DEMissuM, and breeding against Potato 
Blight, 153, 522 

NODIFLORUM, cell inclusions in, 277 D 
PiMPiNELUFOLiUM, and breeding against 
Tomato Leaf Mould, 677 
RACEMERGUM, ibid., 677 
TUBEROSUM, 250. See Potato 
Somatic mutation, 153 
Sooty Blotch of Apple, 247 
of Citrus, 247 
Sore Shin of Cotton, 162 
SORGHUM (Sorghum vulcare), ioo, 160, 243 
Sorosphaera verordtaCy 197 
Sotosporium reilianum, 100 
saponariaey 49 O 


Sorus, 22, 30 

Sowing, date of, and infection, 250, 370 
depth of, and infection (Smuts), 408, 428 
SOYA BEAN (Glycine max), bacterial 
nodules on, 71, 91, 92 
Specialisation of parasitism, 89 
Specialised races, 93, 344, 374 
Species, 53 

Speckled Yellows of Beet, 587 
Spectrum, no 

SPEEDWELL (Veronica chamaedrys), Heli- 
cohasidium piirpureuni on, 467 
Spermagonia, 22, 29 A, 40, 42, 59, 65 C, 67, 87, 
2<S’5, 346 

Spermatia, 29 A, 37, 40, 42, 59, 66, 67 C, 92, 347 
Spermatiophores, 29 59, 66, 67 C 

Sphacelia segetum, 61, 222 B, 223 A, 446 
Sphaceloma ampelina, 844 
Sphacelotheca, 337 
sorghi, 243 

Sphaenaceae, 332, 361, 861 
Sphaeropsidales, 332, 338, 569, 581 
Sphaeropsis malorum, 299 
Sphaerostilbe, 335 
repens, 17 
Sphaerotheca, 335 
humuli, 855, 885 
var. fuHginea, 646 

mors-uvae, 55 B, C, 59, 3S3, 817 

pannosa, 170, 400, 855 
SPINACH (Spinacia olkracea) : 

Blight, 258, 268 
Cabbage virus, 644 
deficiency diseases, 303, 305, 306 
Mildew, 83, 134, 325, 326, 691 
Spirophyllum, 72 
Spittle bug, 105 
Spondylocladium, 339 
atrovirens, 266, 535 

Spongostfora suhtcrranmmJ^ 246, 24^, 493 
Spofah'gia/ 217^47, 4'87 
Spore balls, 49 O, 50 H, 24^, 494 
Spores : 

acropetal formation of, 49, 77 
aleurio-, 50, 76 F 
amero-, 404 B, 868 

basipetal formation of, 48, 52 A, 67, 75 
brand, 403 

determination of, in upper air, 57 
dispersal of. See Dissemination of Fungi 
factors affecting dispersal of, 59 
formation of, 30 

geniculate formation of, 26, 49, 76 A 

germination of, 3, 6, 9 A, 50 

imperfect forms of, 30, 99 

muriform, 49 R 

nature of, 6, 9, 10 

perfect form of, 30, 99 

phialo-, 50, 77 C, 76 B, 76 C 

phragmo-, 404 C, 868 

pionnotal, 51 

radulo-, 50, 77 D 

resistant properties of, 56 

scoleco-, 404 Hj 868 

showers, 57 

sympodial formation of, 26, 49, 76 .^4 
thallo-, 51 

variety of, 30, 49, 5o, 53 
Sporidia, 40, 41, 42, 61 63, 64 D, 109, 121 A, 

346 
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Sporodinia grandis, 54 
Sporodochia, 21, 27, 28, 51, 73, joo, 20i, 20 j, 
391, 404 A, 866 
SporomtOf 335 

intermedia f 55 F, 7^ 

Sporophores, 10, 20, 21, 29, 52, jj, 55, 56, 

56, 109 

Sporotrichum^ 339 
Sporulation, 134 

Spraying?, /57. ^5*^, ^59 , ^60, /6j, 762, 229, 237 
SPRUCE, NORWAY (Picea abies) and SITKA 

(P. SITCHENSIS) : 

Armillaria meltea on, 941 
Dote, 212 

Fames annosus on, 915, 941 
pinicola on, 943 

Helicobasidium purpureum on, 467 
Polyporus sulphur eus on, 946 
Schweinitsii on, 212 
Top Rot, 943 
Trametes pini on, 943 
Stagonospora, 53 
Staling, 97, 750, 162 
Starch, 71, 131, 132, 134, 179, 186, 208 
Steam, sterilisation by, 241 
Stecklings, 582, 589 
Stellaria media. See Chickweed 
Stem Canker : 
of Potato, 524 
of Rose, 402, 862 
Stem Rot : 

of Carnation, 391 
of Tomato, 666 

Stem Rust of Cereals. See Black Rust 
Stemphylium, 97 
piriforme, 49 R 
Stereocaulon ramulatum, 90 B 
Stereum, 338 

frustulatum, 213, 214, 43 J G, 435 By 947, 

951 

gausapatumy 122, 435 C, 950 
hirsutuniy 950 
necatory 950 

purpureumy 32^ 48, 124, 13 1, 147, 226, 246, 
360, 361, 362, 763 
sanguinolentumy 435 Dy 943, 945 
Sterigmata, 40, 47, 48, 50, 60, yo 
Sterility, 96, 266, 446, 635 
Sticta fuliginosa, 8 g 
StigmateUy 336 

Stinkhorn, spore dispersal in, 61, 79 F-K 
Stippen, 746 

Stock and scion, influence of, and susceptibility, 
146 

Stomata, iii, 115, 183 

Straw, decomposition of, 72, 393 

STRAWBERRY (Fragaria spp.) ; 

Leaf Spot, 125, 57^, 7^5 
Leathery Rot, 713 
Leptosphaeria coniothyrium on, 805 
Powdery Mildew, 330, 885 
Red Core, 125, J70, 577, 780 
Rosellima necatrix on, 738 
Verticillium dahliae on, 810 
Violet Root Rot, 467 

Yellow Edge and Crinkle, 269, 276, 277, 280, 

291 . 373 , 374 , 7 ** 

Stromata, 17, 22, 23, 29, 42 Ay 42 C, 54, 122 
Strongyloplasma ivanoskiiy 258 
Stylet apparatus, 172, 271, 273 


Stysanus stemonitesy 28 J-O 
Suberisation, 132, 139, 150, 165, 186, 218, 283, 
489 

Sub-infections, 93 

Sub-stomatal vesicles, 103 F, G, H, 104 A, 705, 
1 12 

Sucrasc, 70 
Sucrose, 71 

SUGAR BEET. See Beet 
SUGAR CANE (Saccharum officinarum) : 
Chlorotic Streak, 246 
Downy Mildew, 227, 279 
Eyespot, 131 

Fiji disease, 194, 259, 265, 271, 279, 284, 
285 

Gumming Disease, 227 
Leaf Stripe, 102 

Mosaic, 251, 256, 258, 275, 279, 289, 290, 
291 

Pahala Blight, 305 
Red Rot, 102, 251 
Red Stripe, 251 
Rind disease, loi 
Root Rot, 176, 179 
Sereh, 256, 279 
Smut, 125 

Sugars, 10, 71, 131, 132, 211 
Sulphur, 63, 178, 230, 322 
bacteria, 71, 72 

SUNFLOWER (Helianthus annlius) : 
Bacterium tumefaciens on, 747, 183 
Erysiphe cichoracearum on, 303, 645 
Surgical treatment, 248 
Swabbing, 297, 298 
SWEDE. See Turnip 
SWEET PEA (I^THYRUS odoratus) : 
Aphanomyces euteiches on, 609 
Breaking, 171 F, 266 
Mosaic, 623 

SWEET POTATO (Ipomoea batatas), Gib- 
ber ella zeae on, 396 

SWEET ROCKET (Dame’s Violet) (Hesperis 
MATRONAL is), Cabbage virus on, 643 
SWEET VERNAL GRASS. See Anthoxan- 

THUM ODORATUM 

Swiss Needle Cast of Douglas Fir, 938 
SYCAMORE (Acer pseudoplatanus) : 

Fames famentarius on, 949 
Ganoderma applanatum on, 950 
Helicabasidium purpureum on, 467 
Leaf Blotch or Tar Spot, 5, 29, 479, 420, 904 
Paly par us hispidus on, 947 
squamasus on, 946 
Symbiosis, 73, 155 
Sympodial development, 26, yb A 
Synalissa symphoreUy go D 
Synchytriaceae, 333 
Synchytriumy 333 

endobioticumy 59, 709, 117, 194, 248, 249, 

^50, 453. 499 
taraxaci, 194 
Synnemata, 27, 28 J-O 

Systemic infection, 73, 74, 86, 121 C, 124, 126, 
128, 15s, 20s, 264, 268, 275, 368, 404, 
407, 428, 434, 473, 48s, 490 

Take-all and Whiteheads of Cereals, 113, 170, 
194, 196, 377 
Tannin, 71, 143, 208, 215 
Tanninase, 70, 71 
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Taphrina, 335 
aurea, 194 
cerasiy 207 

deformansy 37, 85, 100, 143, 197, 366, 367, 770 
laurencia, 205 
populinay 194 
pruniy 194 
rhomboidaliSy 67 
Taphrinales, 332 
TEA (Camellia sinensis) : 

Blister Blight, 61 
Ganoderma applanatum on, 950 
Helopeltis on, 189 
pruning of, 246 

rhizomorphic penetration in, 122 
Root Rot, 17, 132 

spread of disease in plantations, 105 
Yellows, 332 

Temperature, 72, 84, 86, 93, 94, 98, 104, 108, 
109, no, J26, 158 et seq., 275, 350, 355, 
363, 370, 401, 40^, 490, 521, 564, 577» 
595, 601, 621, 648, 653, 659, 666, 668, 
671, 675, 698, 702, 705, 709, 719, 723, 
727. 734, 748, 775, 798, 816, 841, 883, 
925, 934 

Teratology, 208, 266 
Tetracladium marchalianum y 49 D 
setigeruniy 49 E 

Thalictrum flavum. See Meadow Rue 
Thallospores, 51 
Thallus, 7, 10, 14, 24, 31 
Thelephoraceae, 338 
Thermostable filtrates, 130, 13 1 
Thielaviopsisy 339 

basicoloy 140, 166, 242 
Thinning, 252 
Thiothrixy 72 

THISTLE, PRICKLY SOW- (Sonchus asper). 
Lettuce Mosaic virus on, 662 
THORN APPLE (Datura stramonium) : 
Potato Aucuba Mosaic, 551 
Quercina disease, 208, 278 
Spotted Wilt, 683 
Thread Blights, 54, 67, 122 
Thrips tabaciy 271 

Thuja plicata, Trametes pint on, 146, 943 
Thysanoptera, 271 
Tilletiay 337 

caries {t. tritici)^ 41, 50 K, 63, 84, 125, 362 
foetiduy 362 
Tilletiaceae, 337 

Tissue turgor, influence of, on penetration, 165, 
166 

TOBACCO (Nicotiana tabacum) : 

Bacterial Wilt, 130, 165 
Black Root, 242 
Blue Mould, 102, 227, 240 
Botrytis cinerea on, 108 
Cabbage virus on, 644 
Erysiphe cichoracearum on, 645 
factors affecting spread of disease in, 105, 166 
Leaf Curl, 265, 271, 286, 293 
Mosaic, I74> 256, 267, 273, 275, 278, 280, 281, 
290 

Necrosis, 260, 268, 274, 275 
Ring Spot, 260 
Root Rot, 242 
Severe Etch, 289 
Spotted Wilt, 683 
Thielaviopsis haskola on, 140 


TOBACCO— cowrd. 

Top Disease, 303 
Wildfire, 102, 131, 326 
Yellows, 278, 323 

Tobacco Pest Suppression Act, 291 
Tolyposporium junci, 50 H 
TOMATO (Lycopersicum esculentum) : 
Ascochyta pisi on, 613 
Bacterium carotovorum on, 553 
Big Bud, 261, 265, 266, 286 
Black Dot, 13, 13 Ay 173, 262, 263, 533 
Blight, 515 

Blossom End Rot, J20, 678 

Blotchy Ripening and Green Back, 326 

Buck Eye Rot, 665 

Bushy Stunt, 260 

Crown Gall, 178 

Fern Leaf, 270, 205, 264, 286 

Foot Rot and Damping-off, 241, 31 3 y 664 

Fusarium Wilt, 131, 161, 164, 171, 242 

Glasshouse Streak, 685 

Leaf Mould, no, 165, 237, 250, 318, jjp, 

672 

Mixed Streak, 267, 687 
Mosaic, 270, 283, 289, J22, 680, 687 
Phytophthora infestans on, 515 
Spongospora subterranea on, 493 
Spotted Wilt, 265 C, 268, 271, 683 
Stem Rot, 326, 666 
Streak, 169, 256, 290, 323, 685 
Verticillium Wilt, 164, 17 1, 242, 31 7 y 669 
Yellow Mosaic, 266, 3 24, 687 
TortriXy 105 
Torula utilisy 71 
Toxins, 129, 130, 13 1 
Trama, 47 
Trametes y 338 

piniy 65, 252 By 213, 217, 434 Hy 943, 952 
serialisy 21 1, 212, 217 
suaveolens, 213 

Transmission of virus diseases, 269 
I’ranspiration, 165, 358, 375 
Tranzschelia pruni-spinosae, 760 
TREES, DISEASES OF, 887 et seq, 

Tremelloy 337 
Tremellales, 332, 337 
TrichodermUy 72, 172, 382 
Trichogynes, 34, 72, 348 
Tricholomay 76 
Tricladium splendensy 49 F 
Tricothecium roseumy 730 

Trifolium spp., 313, 461, 462, 623. See Clover 
Trimethylamine, 363 
Triphragmiuniy 337 
Triticum. See Wheat 
differential hosts of, 89 
Triticum spp., Tilletia on, 362 
Tropaeolaceae, Spotted Wilt affecting, 683 
Tropical Thread blights, 54 
Tropisms, in 
Truffles, 76, 336 
Trypanosomes, 259 
Trypsin, 70, 71 
Tryptophane, 202 

Tsuga heterophylla and T, siebaldii, 
Phomopsis Disease, 938 
Tuberaceae, 336 
TubercuUnay 233 
TULIP (Tulipa spp.) : 

Breaking, 275, 255, 266, 409, 876 
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TULIP — contd. 

Fire, 406^ 407 ^ 408, 871 
Shanking, 40 5 ^ 869 
Tumours, 201 
TUNG (Aleurites) : 

Bronzing, 311 
Clitocybe tabescens on, 130 
deficiency diseases, 307 
TURF : 

Corticium or Red Thread, 481 
diseases of, 237, 479 
Dollar Spot, 237 
Snow Mould, 479 

TURNIP (Brassica napus and B. rapa) : 
Brown Heart or Heart Rot, 280^ 571 
Cabbage virus on, 644 
Club Root, 249, 276, 559 
Dry Rot and Canker, 246, 279, 567 
Phytophthora spp, on, 664 
Powdery Mildew, 456 
Soft Rot, 273, 274, 275, 553 
Tylosis, J56, 218, 219 

Ulmus spp., 223, 899. See Elm 
Ultra-violet radiation, no 
Unbalanced nutrition, 176, 356 
Uncinulay 335 
necator, 391, J92, 839 
salicisy 82 M 

Uncongenial hosts, in, 113, 139, 209 
Urbarmachungskrankheit (Reclamation disease), 
312 

Uredinales, 332, 337. See Rusts 
Uredosorus, jo, 42, 89 
Uredospore, 49 P, 58, 87 
Urochlea, Helminthosporium sativum on, 

. 437 

Urocystts, 337 v- 
cepulacy 45, 330 y 699 
occulta y 165, 167, 205 
triticiy 109, 125, 148, 178 
UromyceSy 337 

appendiculatus y 164 
betaCy 590 
fabacy 283, 592 
pm, 205, 593 

Uromycladium notabilCy 194, 199 
Urophlyctisy 333 

alfalfacy 91, 128, 224, 225, 452 
Urtica parvii-lora, Aecidium urticae on, 

100 

Ustilaginaceae, 100, 336, 337 
UstilagOy 337 

avenaey 50 /,X 93» too, r2j, 125, 152, 206,403, 
404, 409 
carboy 50 G, 62 
crameriy 56 
esculentay 100 

hordeiy in, 2/j, 2x4 Ay 410, 427 
hypoditysy 205 

kolleriy no, J2 j, 175, 403, 409 
levtSy 409 
medians y 428 
nigruy 125, 428, 429 

nuday 1 25, 213, 214 By 406, 426, 427, 428 
scabiosaey 50 F, 61 
scitarmneaey 125 

triticiy i8g By C, 190, 367, 406, 426 
violaceuy 126, 206 

zeaCy 93, 98, xoo, 126, I 4 iy 145, 150, 206 


Ustulinay 336 

vulgaris (U. deusta)y 153, J54, 217 

Vaccination, 155, 156, 292 
Vaccinium macrocarpon, Exobasidium oxycocci 
on, 197 

ULIGINOSUM, Sclerotinia heteroica on, 88 
viTis IDAEA, Exobasidiwn vaccinii on, 197 
Vacuoles, 8 
VAL. See Dolichos 
Valsuy 336 
Valsaceae, 336 
Varicosporium elodeaCy 49 G 
Veenkoloniale, 305, 312 
Vegetables, diseases of, 630 
Vegetative mycelium, 20 
propagants, 54, 86, 473 
Vein banding, 263 
clearing, 168^ 263 
VenturiOy 336 

chlorosporUy 894 

inaequalisy 82, 84, 93 , jo6, loy D-Fy 110 A-C 
and F-Ky 122, 140, 344, 343, 346, 726, 

730 

pirmuy 83, 94, TTO DyEy 334y J55, 749 
Verticilliuniy 339 

albo-atrunty 161, 171, 669, 81 1 
dahliaCy 161, 252, 38] y 669, 810, 897 
vilmoriniiy 130 
Verticillium Wilt : 

of Raspberry, 252, 381, 810 
of Tomato, 164, 171, 242, i/7, 669 
Vesicular arbusculae, 79, 88 
VETCH (ViciA SATivA) : 

Aphanomyces euteiches on, 6oq 
Ascochyta pinodella on, 619 
Pea Mosaic, 624 
Uromyces betae on, 593 
ViciA FABA. Sec Broad Bean 
SATIVA. See Vetch 
VINE, GRAPE (ViTis vinifera) : 

Anthracnose, i9i, 842 
Black Rot, 102, 125, 132 
Chlorosis, 296 et seq. 

Downy Mildew, 158, 168, 228, i90, 833 
‘ Esca ’ disease, 143 
Fames igniarius on, 949 
Glomerella cingulata on, 729 
Oidium. See Powdery Mildew 
‘ Peronospora See Downy Mildew 
Powdery Mildew, 61, 85, loi, 102, in, 168, 
391, 392 y 839 
Stereum hirsutum on, 950 
Viola sylvestris, Puccinia molae on, 206 
Virescence of inflorescences, 206 
Virulence, 105, 107, 109, 365 
Virus, nature of the, as8 
VIRUS DISEASES, 3, 61, 156, 205, 255 et seq.y 
539 et seq.y 623, 643, 662, 680, 683, 
685, 687, 7^, 814, 830, 876 
Vitamins, 63, 71 
Vitis spp., 144, 297. See Vine 
Volunteer plants, 291, 444 
Volva, 79 FyJ 

WALLFLOWER (Cheiranthus chkiri) : 
Breaking, 171 Ay 643 
Phoma lingam on, 56^7 
WALNUT (Juglans regia) : 

Chlorosis, 296 
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WALNUT— 

Fomes fomentarius on, 949 
igniarius on, 949 
Ganoderma applanata on, 950 
penetration of, by Armillaria melleay T12 A 
Polyporus hispidus on, 947 
squamosus on, 946 
mlphureus on, 946 
Yellows, 309, 31 1 

Wart disease of Potato, 59, 102, 109, 117, 146, 
147, 152, 155, 170, 171, 223, 248, 249, 
250, 252, 499 

WATERCRESS (Radicula nasturtium). Cab- 
bage virus on, 644 

Water-drop mechanism in spore dispersal, 56, jS 
Watermark disease of Willow, J56, 219, 226, 412, 

413, 414 , 887 

WATERMELON (Citrullus vulgaris) : 

Collet otrichum lagenarium on, 170, 647 
Fusarium niveum on, 99, 143 
Water-pores, infection through, iii, 115 
Water-table, 170, 627 
Wax, III, 136 

Weather. See Meteorological conditions 
Weiss-seuche (Reclamation disease), 313 
WEYMOUTH PINE, See Pine 
WHEAT (Tri'iicum spp.) : 

Black Mould, 65, 799, 387 
Black Rust, 58, 88, 168, J79, j8o, 181, 182, 
183, 184, 183, 186, 249, 343 
Black Tip or Black Point, 437 
Brown Foot Rot and Ear Blight, 200, 201, 

389 

Brown Rust, 59, 144, 148, 178, 358, 361 
Bunt, 61, 6j, 84, 115, 125, 14s, 148, 152, 158, 
162, 175, 189 A, 243, 249, 362 
Choke, 29, 42 C, 73, 85, 86, 91, 96, 236, 237, 
238, 473 

Differential types of, in rust infection, 89, 91, 
TOO 

Ergot, 222 B, 445, 450 
Eyespot, 197, 79<?i, 384 
Loose Smut, 125, 189 By 245, 367 
Mildew, 91, lily 153, 166, 178 
Scab, 162, 202y 203y 204y 396 
Sharp Eyespot, 197, 385 
Take-all and Whiteheads, uj, 794, 795, 796, 
377 

Yellow Rust, 103, 139, 180, 187, 188 y 249, 352 
White Blister of Cabbage, 300 y 635 
Mould of Narcissus, 40 j, 404, 865 
Root Rot of Apple, 347 > 738 
Rot of Onion, 331 y 703 
Rots of Timber, ziz et seq. 

Tip of Leek, JJ4, 710 
Whiteheads, 377 
WILLOW (Salix spp.) : 

Black Canker, 415, 476, 890 
Fomes igniarius on, 949 
pinicola on, 943 
Ganoderma applanatum on, 950 
Leptosphaeria coniothyrium on, 862 
Polyporus sulphur eus on, 946 
Scab, 8^ 

Watermark disease, 156, 219, 226, 472, 4/3, 
4l4f 887 

Wilting, 130, 208, 485 


Wind, 164 
Windbreaks, 253 

Witches’ Brooms, 85, 99, 198, 207, 257, 264, 285 
Wither-tip of Limes, 99, 102 
of Plum. See Apple 
Wood : 

abnormal, 133, 188 

black lines in, 17, 20, 21, 133 C, D, 219 
gum, 220 
partridge-, 951 
wound-, 7J5, 187, 188 
Woolly aphis, 115, 189 
Wound cork, 7j6, 7J9, 189 
gum, 133 A 

infection, 65, in, 122, 124 
repair, 140, 183 

Wrappers, treatment of, for fruit, 247 

‘ X ’ bodies, 777, 7 7<y, 259, 286 
‘ X ’ rays, 96, 260, 278 

‘ X * virus of Potato, 156, 1 58, 261, 2O8, 277, 278, 
2^0, 545, 549, 687 
Xanthomonas albilmeanSy 140 
carnpestris, 62, 132, 218, 246 
citriy 225 

jnalvarearuni y 57, 85, 153, 167, 243 
pruniy 236 
solanacearunty 130 
stewartiy 62, 99, 129, 154, 217, 249 
vasrulorunty 227 
Xanthophyll, 286 
Xanthoria parietinOy 90 A 

Xanthosis of Strawberry. See Yellow Edge of 
Xestobium rufovillostmiy 215 
Xylariuy 17, 220 
nigripesy iZy 13 
Xylariaceac, 336 

Xylostroma, 17, 21, 120, 765, 909 

‘ Y ’ virus of Potato, 263, 267, 268 
Yeast, ascus and spores, 12, 37, 57, 335 
commercial uses of, 63, 70, 71, 72, 208 
Yellow Edge of Strawberry, 37 3 y 786 
Leaf Blister, 1 94 
Mosaic of Tomato, 687 
Rust of Cereals. See Puccinia glumarum 
Yellows, Beet, 589 
Speckled, 587 
Walnut, 309, 31 1 

YEW (Taxus b ACC at a), Polyporus sulphur eus 
on, 946 

YORKSHIRE FOG. See Holcus lanatus 

Zakooklivanie (Pupation virus disease), 293 

Zelkova keaki, Ceratostomella ulmi on, 899 

Zinc, 236, 308, 312 

Zinnia, Spotted Wilt, 683 

Zizania aquatica, Ustilago esculenta on, 100 

Zonation, 96, 130 

Zone lines in timber, 20, 21 

Zoogloeae, 133, 146 

Zoosporangia, 4, 25, 51 

Zoospores, 47, 48, 73, log Ay 117 

Zygomycetes, 24, 48, 5J, 54, 73, 33i. 333, 334 

Zygospores, 33, 5 J, 54 

Zygote, 33, 349 
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